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Abstract 
Grass carp {Ctenopharyngodon idellus) growth hormone (gcGH) cDNA has 
been cloned and sequenced {Ho et cd,, 1988). The growth hormone is a single 
polypeptide chain of approximately 22k Daltons comprising of 210 amino acids. It is 
synthesized in the anterior pituitary gland by somatotropic cells and promotes overall 
somatic cell growth. 
Recombinant DNA technology provides a low cost means to produce large 
quantities of biologically active grass carp growth hormone (gcGH) for use in fish 
farming and academic study. Using the yeast system {Pichia Pastoris) as a host for 
gcGH expression is attractive since it has been demonstrated to be an efficient and 
economical method in expressing a variety of higher eukaryotic proteins of 
commercial and academic interest {Romanos et al, 1992). Yeast can perform many 
eukaryotic-specific post-translational protein modifications which are important for 
maintenance of the biological properties of the recombinant gcGH. In vitro refolding 
of GH in bacterial expression system has proven to be inefficient. The yeast system 
has a higher expression level than mammalian cells and scale-up is possible by high 
cell density fermentation. 
iii 
The cDNA of gcGH has been cloned into the yeast expression vector pPIC9 
containing a strong alcohol oxidase I promoter (AOXlp) to transcribe the gcGH gene. 
The gene is tightly regulated and can be induced by methanol. The target protein is 
secreted by means of a a factor prepro peptide. Secretory expression is chosen as 
Pichia Pastoris secretes very low levels of native proteins which makes downstream 
processing convenient. 
In the present study, the recombinant vector is transfected into Pichia pastoris 
strain KM71 by electroporation. Screening and selection of AOX characteristics 
clones were performed. The recombinant organism was grown in minimum media to 
induce high level expression. Small scale expression has been done and the 
expression level was quantitatively measured by radioimmunoassay(RIA). 
Optimization of the growing condition and batch fermentation have been tried. 
Secretion was achieved but with low expression yield. The recombinant protein 
showed biological activities in growth hormone receptor binding activity. SDS-PAGE 
and western blot analysis of culture supernatant fluid 48 h after induction with 0.5% 
methanol revealed the presence by glcosylated protein products with M.W. 21.5 & 
52.9kDa. After treatment with N-Glycanase, Sialidase A and 0-Glycanase, two 
predominant bands, 32kDa and 22kDa, were detected, indicating inefficient signal 
peptide cleavage occurs. 
iv 
The second part of my study addresses the strategy for the purification for 
r-gcGH. Anion exchange chromatography is the most efficient method to purify the 
recombinant gcGH. The purified protein was characterized in terms of its 
immunological property and biological activities. For future studies, further 
purification will be done for understanding the effect of glycosylation on the r-gcGH. 
Scale-up protocol will be further optimized to increase the production yield for 
commercial application. Further in vivo studies in fishes is needed to test for its ability 
to induce growth. 
V 
摘要 
草鯉{Ctenopharyngodon Melius)的生長激素(gcGH) cDNA已被克隆和測序(Ho 
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1.1 Growth Hormone (GH) 
1.1.1 Physiology of growth 
Growth is a complex process, which involves maturational changes, assimilation 
of protein and morphologically increase in length and size. Increase in weight cannot 
be used as a standard of growth because it may be due to the accumulation of water 
and formation of fat. 
Growth depends on three factors, namely genetic, nutritional and hormonal. 
Genetic factor may influence the final weight of the body, however, food supply is the 
extrinsic factor that affects growth. The diet must contain sufficient carbohydrates, 
amino acid, fat, essential vitamins and minerals to support body tissue building. 
Hormonal action is the intrinsic factor that affects growth. Many hormones such 
as androgens, estrogen, thyroid hormone, insulin and glucocorticoid may affect 
growth, however, growth hormone (GH) is the most important of them all. 
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1.1.2 Biological functions of growth hormone 
Growth hormone (GH) is a single chain protein with a molecular weight of 
22kDa and it is synthesized by the somatotropic cells in the anterior pituitary gland of 
all vertebrates. It has no specific target organ, but rather it functions in cellular 
metabolism, thereby affecting all organs of the body. (Pickford, 1957). The primary 
function of GH is to stimulate growth and development either directly (Ng, 1993), or 
indirectly via the production of insulin-like growth factors (IGFs)(Gronowaki AM, 
1995). The period during which normal body growth can be affected by GH is limited. 
In adult animals, GH may be diabetogenic rather than growth promoting. In addition, 
GH influences a number of other processes including reproduction (Van Der Kraak Q 
1990) and food conversion efficiency (Donaldson EM, 1979). GH is also involved in 
osmoregulation and sea water adaptation in fish (Clarke WC, 1977) 
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1.1.3 Structure of growth hormone 
GH in Cyprinid species contains five cysteine (Cys) residues, four of which are 
located at conserved positions with respect to the GH of other species, and the fifth is 
located at postion 123. Structurally, GH is a single polypeptide chain of 
approximately 22kDa comprising 210 amino acids with 2 disulphide bridges linking 
the large and small peptide loops. The major structural features of the hGH molecule 
are shown in Fig 1.1. ( De Vos, 1992). It contains four-helical bundles. The N- and 
C-terminal helices are longer than the other two. Residues 129 to 184 are responsible 
for connecting the helices C and D. There are two disulfide bonds in the GH molecule, 
one is between Cys 53 and Cys 165, another is located at the C-terminus which is 
linked to helix D between Cys 182 and Cys 189. The core of the four helices in hGH 
is made up mostly of hydrophobic residues, with the exception of Ser 79 and Asp 169. 
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Fig. 1.1 Structure of growth hormone, viewed as perpendicular to the 
four-helix bundles. The letters represent the names of the helices and the 
arrows indicate the directions of the helices. 
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1.1.4 The Physiological activities of growth hormone 
Growth hormone may tigger a series of physiological activities. GH exerts a 
“protein-sparing" effect on protein metabolism. It increases protein synthesis, which 
is mediated by somatomedins, by enhancing amino acid uptake and accelerating 
transcription and translation. Additionally, GH decreases protein catabolism by 
mobilization of fat, thus GH is said to be ketogenic because during mobilization of fat, 
it causes release of fatty acids from adipose tissue and enhances the conversion of 
fatty acids to acetyl-CoA. GH also affects carbohydrates metabolism. It is 
diabetogenic because it increases hepatic glucose output, decreases carbohydrates 
utilization and exerts anti-insulin effects in muscle by inhibiting insulin secretion. In 
this way, GH indirectly stimulates secretion of insulin, which also has protein 
anabolic effect and promotes growth. 
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1.1.5 The importance in increasing grass carp production yield 
Owning to the increase in human population, the demand in food supply is 
certainly on the increase. Over the last decade, fish supplies for human consumption 
have reached over 100 million tones. Due to overfishing, future increases in demand 
can only be met from the aquaculture industry. This will require increased research in 
areas such as the control and manipulation of fish reproduction rate or enhance 
growth (Schep, 1999). Promotion of growth in grass carp is one the strategies to 
increase food supply, especially in Asia Pacific, because this species is a major source 
of protein in the diet. Grass Carp {Ctenopharyngodon idelld) are native to Malaysia 
and they were imported to U.S. by the U. S. Fish and Wildlife Service in 1963 for 
research in aquatic plant control. Grass carp is one of the most important fish in 
Chinese aquaculture. As the consumption of grass carp in China is very high every 
year, it is attractive to find a means to increase its production yield. 
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1.1.6 Application of recombinant growth hormone 
Recombinant DNA technology provides a means in producing biologically active 
growth hormone in quantity for therapeutic use as well as for aquacultural 
applications. Recombinant human growth hormone (rHGH) expressed in E. coli 
(Goeddel et al., 1979) and Saccharomyces cerevisiae (Tokunaga et al, 1985) has the 
full range of biological activities and can be used to treat hypopituitary dwarfism. 
For aquacultural applications, recombinant bovine GH has been used on 
sub-adult the salmon (Oncorhynchus kisutch) in ambient winter condition (Down et 
al., 1988). It was demonstrated that GH treatment could significantly increase the 
somatic growth of coho salmon. The same experiment was performed in the same 
year (Down et al., 1988) on seawater-adapted female Chinook salmon (Oncorhynchus 
tshawytscha) for five weeks under ambient summer conditions. The results showed 
that the administration of GH to Chinook salmon could produce a dose dependent 
increase in growth rate. In another study, a genetically modified recombinant bovine 
GH was tested for growth-promoting ability in underyearling coho salmon (Down 
el.al, 1989). This analog had approximately nine times the growth-promoting potency 
as the native form of bovine GH in coho salmon. 
The successful use of recombinant GH to promote fish growth has motivated 
people to adapt this method to increase grass carp production yield in aquaculture. 
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1.1.7 Application of recombinant grass carp GH 
Grass carp growth hormone (gcGH) is naturally produced in the anterior 
pituitary gland of the fish and the amount of hormone that could be purified from the 
fish gland is limited. For academic and commercial interest, the native hormone has 
been widely used in the study of fish endocrinology, feed intake and efficiency, and 
growth. Since the availability of native gcGH is extremely is limited, a larger quantity 
of grass carp growth hormone could only be obtained by recombinant DNA 
technology. 
The grass carp GH cDNA sequence has been cloned and determined (Ho el 
al., 1988). Recombinant grass carp growth hormone has been expressed in the 
baculovirus silkworm system. (Ho el al., 1998).The immunological and biological 
activities of the recombinant hormone have been determined to be similar to the 
native hormone. Silkworm powder prepared form larvae infected with the 
recombinant baculovirus has been used as feed supplement for fish, and such a dietary 
supplement was found to be effective in increasing the growth rate of juvenile carp. It 
has also been reported that the size of grass carp could be enhanced under field 
condition when the recombinant growth hormone was used as food supplement (Ho et 
al., 1998). Therefore, recombinant grass carp GH, which has been demonstrated to 
have the same fianction as the native hormone, can be employed instead of the native 
8 
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grass carp GH to promote fish growth (Ho et al., 1998). Such observations provided 
the incentive to produce large quantity of grass carp growth hormone by recombinant 
DNA technology for commercial use. 
I 
1.2 Administration of GH to fish 
1.2.1 Methods in the administration of growth hormone to fish 
For commercial application of recombinant GH in fish farming, finding a 
practical means to administer GH on a large scale is a major barrier to overcome. The 
mode of administration of GH is very important as it directly affects the amount of 
GH required and the way in handling the fish. These in turn may influence the cost of 
production (Pickering, A. D.，1993). 
Different routes of hormone administration have been attempted. 
Traditional techniques, such as injection and cholesterol pellet implantation, require 
that each fish be handled individually and are therefore very time consuming and 
labour-intensive. 
Injection: 
The common injection modes are intraperitioneal and intramuscular injection. In 
this kind of study, GH is injected weekly at a does range from 0.1 to 20 ug/g body 
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weight. Weight or length specific growth rate are regard as growth parameters. 
Obviously, injection is a labor intensive and stressful to the fish. 
* 
Cholesterol pellet implantation/ Mini osmostic pump/ hydrogel system: 
In cholesterol pellet implant, GH is incorporated into a cholesterol matrix at a 
dose range of several ug to several hundred mg/g body weight. The matrix is 
implanted either intraperitioneally or intramuscularly. Although this system can 
increase growth significantly, its application may be limited by instability of the 
matrix, short term release characteristics and the inherent retention of GH in the fresh 
of the fish. Mini osmotic pumps are capable of delivering known amount of GH in 
solution over an extended (< 5 weeks) period (McLean, et al., 1993). It overcomes the 
problems associated with the cholesterol matrix method. However, the pump is 
relatively large (McLean, et al., 1993). Employs a chitosan-based pellet. Each pellet 
contains 13mg GH and was sprayed with polyvinyl alcohol (PVA) of varying 
thickness to control the release property of each pellet. All sustained release systems 
described above have been examined for use in the commercially important Pacific 
anadromous salmon and were reported to be successful but inefficient owning to the 
involvement of surgical operation (Pickering, A.D., 1993). 
There are two practical ways in the adminstration of GH on a large scale to 
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fish. One is supplementing it in the feed and the other is to soak the fish in GH 
containing water. 
Immersion: 
Immersion and hyperosmotic infltration (HI) techniques have been used 
successfully to deliver both natural and rGHs to teleosts (McLean et al., 1993). The 
GH to be administrated was dissolved in water where the experimental fishes were 
immersed. Unlike direct immersion, experimental fishes in the HI procedure were 
first incubated in a 3.5% NaCl solution, and then transferred to 0.9% NaCl containing 
GH. A single such treatment has been reported (McLean, et al., 1993) to be able to 
enhance growth significantly. The GH used in these studies ranged from ug/1 to mg/1 
quantity. The gill epithelium was believed to be the primary site of hormone 
ingression. The lateral line and oral route were considered to be the secondary sites. 
Similar to injection, immersion could also induce stress. 
Oral administration: 
The administration of recombinant bovine GH to juvenile rainbow trout 
(Oncorhynchus mykiss) and forced feeding in Chinook salmon (Oncorhynchus 
mykiss) (Donald et al., 1979) have been investigated. It was discovered that the 
addition of GH as food supplement might be able to enhance growth rate. These 
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results confirmed the possibility in administering recombinant GH to fish by feeding. 
Unlike other methods described above which are labor intensive, stressful, 
expensive and require the skill of a technician to carry out the procedure, the oral 
administration route is considered to be the most convenient (McLean, et al., 1993) if 
feeding grade rGH can be produced economically. If gcGH is administered as a food 
supplement, a significant loss of hormone during food intake will occur. This means 
that a larger amount of hormone will be required (Schep et al., 1999). Moreover, only 
a limited amount of physiologically active GH can be absorbed by the fish gut and 
reaches the blood circulation. Thus, a large dose of hormone would be required before 
significant growth rate could be induced (Schep et al., 1999). Finding an efficient 
expression system to produce large quantity of grass carp growth hormone at low cost 
way would be essential for this practical application. 
1.3 Different approaches in the expression of GH 
1.3.1 Bacterial expression system 
In order to utilize GH as a food supplement, the hormone has to be manufactured 
in a cost effective way and the bacterial expression system is regarded as the most 
simple and efficient method even though it has its own drawbacks. Fish GH has been 
successfully expressed in Escherichia coli in a number of studies. A number of fish 
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growth hormones have been sequenced and expressed in E.coli in the past 10 years, 
such as salmon (Sekine et al., 1988), eel (Saito et al., 1988), flounder (Watahiki et al.， 
1992), and striped bass (Cheng et al., 1995). Bacterial expression system is one of the 
most convenient systems. The cloning and expression of recombinant genes by 
bacterial system is well standardized and recombinant proteins can be produced 
efficiently and at an attractive low cost. The successful commercial production of 
recombinant fish GH in E.coli in large scale depends on two factors. First, whether 
expression level in E.coli can produce a biologically active hormone and second, if 
not, whether an economical method could be developed to refold and purify the GH. 
Previously, it was reported that the expression level of recombinant fish GHs was high 
but the formation of inclusion bodies made the final yield low due to misfolding. 
Most of the recombinant proteins expressed in E.coli are in the inclusion body form 
and are required to be refolded before they could be biologically active. This complex 
refolding procedure makes the process inefficient and uneconomical. Moreover, E. 
coli cannot perform post-translational modification and therefore it is not a suitable 
expression host for proteins which require proper post-translational modification as in 
higher eukaryotic cells. Such modifications include glycosylation, proteolytic 
processing, folding, disulfide bond formation etc. Therefore, for scale-up 
consideration, other systems appear to be more desirable. 
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1.3.2 Baculovirus and yeast expression system 
Many have tried to use systems such as baculovirus and yeast to produce GH in a 
soluble form. These eukaryotic systems can perform most of the above mentioned 
folding and post-translational modification, however, they have their limitations. For 
yeast, the plasmid transformant may be unstable in the host, and for baculovirus the 
cost of producing the hormone in cell culture may be too inefficient and expensive. 
Since the yeast system has the merits of being simple and amenable to scale-up, 
the yeast system was chosen to express the grass carp growth hormone in my project. 
1.4 Expression of grass carp growth hormone in yeast 
(Saccharomyces cerevisiae & Pichia Pastoris) 
1.4.1 Saccharomyces cerevisiae is widely used in the past 
Several fish GHs have been expressed in the yeast strain Saccharomyces 
cerevisiae. Many foreign proteins have been successfully mass produced in the yeast 
Saccharomyces cerevisiae (Cregg et al., 1995). This particular species is popular as an 
expression host because it is familiar to molecular biologists. Its genetics and 
physiology is widely studied and a large amount of knowledge on it has been 
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accumulated (Cregg, et al., 1985). Nonetheless, there are several limitations on the 
production of certain eukaryotic foreign proteins in this species. The product yields 
are generally low, reaching a maximum of only 1-5 percent of the total protein. The 
presence of foreign gene products puts additional stress on the growing cells and the 
production of the foreign protein has a negative effect on growth also (Buckholz et al., 
1991). An inducible promoter is frequently needed to segregate growth and gene 
induction phase. However, this approach has been reported to be inefficient due to the 
instability of the plasmid particularly when the foreign protein is toxic to the yeast 
host. (Buckholz et al., 1991). Many of the secreted proteins of S. cerevisiae are not 
found in the medium, but rather in the periplasmic space. This leads to problems with 
purification and further decreasing production yield. (Cregg et al., 1993). Mammalian 
glycoproteins secreted from S. cerevisiae contain many mannose outer chains when 
transporting from ER to Golgi, which is a condition referred to as being 
hyperglycosylated. The hypereglycosylated structure can be exceedingly antigenic 
and may produce complications when the protein is used. (Buckholz et al, 1991). 
15 
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1.4.2 Pichia pastoris is an alternative approach to overcome 
drawbacks ofS. cerevisiae 
Certain yeast species were found to have the ability to grow on methanol as the 
sole carbon and energy source and they are named as methylotrophic yeast. This 
discovery aroused great attention because of the potential use of these methylotrophic 
yeasts as a powerful host to produce foreign proteins. 
One of the alternative species that has been examined is Pichia pastoris. There 
are several reasons why this particular species is appealing. The P. pastoris expression 
system offers advantages over S. cerevisiae for a number of reasons including a 
tightly regulated expression, low cost in culture medium, high productivity, less 
accumulation of toxic substance, less hyperglycosylation, efficient secretion and 
stable genetics. Because of these attributes, Pichia Pastoris has become an attractive 
candidate for production of foreign proteins. 
Pichia has six major advantages over Saccharomyces cerevisiae. First the 
methanol-inducible alcohol oxidase I gene (AOXI) is a tightly regulated gene that is 
repressed in the absence of methanol. When this promoter is used to drive 
heterologous protein expression, the gene product is induced by addition of methanol. 
Cells may be grown up to a certain cell density before induction, hence most of the 
16 
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energy could be used for cell growth rather than expression at the very beginning. 
Pichia may utilize methanol which is a low cost carbon source. This is the 
second advantage. The methanol metabolic pathway involves a unique set of pathway 
enzymes (Veenphuis et al., 1983). The first step in the metabolism of methanol is the 
oxidation of methanol to formaldehyde; generating hydrogen peroxide in the process, 
by the enzyme alcohol oxidize (AOX). In order to avoid hydrogen peroxide toxicity, 
this first step in methanol metabolism takes place within a specialized organelle, 
called the peroxiosome that sequesters the toxic hydrogen peroxide away from the rest 
of the cell. Oxidized alcohol has a poor affinity for oxygen, and methylotrophic yeast 
appears to compensate for this deficiency by synthesizing large amount of the 
enzyme. 
The third advantage of Pichia is that it can be grown to higher density than 
S. cerevisiae. Secreted protein production is roughly related to cell density and Pichia 
can be grown to densities of >100g/litre (dry weight), which are hard to reach by 
S.cerevisiae (Cregg et al., 1995). In methanol-grown shake-flask cultures, the protein 
expression level is typically �5 % of total soluble protein but can be > 30% in cells fed 
methanol at growth limiting rates in fermentor cultures (Couderc et al., 1980). 
The forth advantage is that Pichia Pastoris does not produce as much toxic 
by-product as S. cerevisiae. In S. cerevisiae fermentation, glucose is essential for 
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growth and this can lead to production of by-product, like ethanol. The accumulation 
of ethanol can rapidly build up to toxic levels in high-density cultures. On the other 
hand, glycerol is used instead of glucose for Pichia and they will lead to less ethanol 
accumulation. 
The structure of carbohydrate side chain added to secrete proteins is known 
to be very organism specific which is the fifth advantage of the Pichia system. Many 
proteins secreted by S. cerevisiae have been demonstrated to be antigenic when 
introduced into mammals. Thus, the use of glycoprotein products synthesized by yeast 
for therapeutic purposes has been avoided. Proteins secreted by S. cerevisiae have 
distinct differences in N-linked oligosaccharide structure compared with P. pastoris. 
The majority of the N-linked oligosaccharide chains are high in mannose and the 
length of the carbohydrate side chains is much shorter in P. pastoris. The longest side 
chain produced in P. pastoris contained only approximately thirty mannose residues 
as in contract to 50 to 150 mannose residues typically found in S. cerevisiae 
glycoproteins (Cregg et al., 1993). 
The second major difference between the glycosylation by S. cerevisiae and 
P. pastoris is that the glycans from P. pastoris do not have alpha 1,3-linked mannose 
residues that are characteristic of S. cerevisiae. The enzyme that catalyzes alpha 1,3 
linkage is alpha 1,3 mannosyl transferase and it is undetectable in P. pastoris. This 
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difference is important because alpha 1,3 linkage on glycans produced by S. 
cerevisiae are primarily responsible for the highly antigenic glycoproteins of this 
species (Cregg et al., 1993). 
The sixth advantage of Pichia expression system is its efficient capacity in 
secreting foreign proteins while minimizing the secretion of endogenous proteins. The 
secreted product is often the major protein in the medium. This type of secretion 
could serve as an effective purification step in separating the product from other 
cellular components (Cregg et al., 1993; Scorer et al., 1993). 
The Pichia expression system is a unique system for producing high levels 
of functionally active recombinant protein. It is also the only system that offers the 
benefits of E.coli (high-level expression, easy scale-up, and inexpensive growth) 
combined with the advantages of expression in a eukaryotic system, i.e., protein 
processing, folding, and posttranslational modifications. The flexibility of the Pichia 
expression system makes it an ideal tool for laboratory research as well as for 
industrial applications. It was for these reasons that we use this system to expresses 
the carp GH. 
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1.5 Methods for increasing expression level of a cloned gene 
For commercial application, it is important to achieve the highest possible 
expression level in order to achieve a high yield of the recombinant protein. For 
Pichia, there are several ways to increase expression level: 
1. Shake flask expression 
After the transformation of P.pastoris with the appropriate vector encoding 
the recombinant gene of interest, hosts with multiple copies of the gene could be 
screened for expression. (Glorioso.，el al, 1999). Growth conditions in shake 
flask may affect protein expression and stability dramatically. (Glorioso., el al, 
1999). Different kinds of medium such as rich and minimal, pH, and induction 
methodologies all influence the expression level of a recombinant protein. Level 
of aeration has also been shown to affect the performance of growth and protein 
expression in shake flask. 
2. Scale-up by fermentation and optimization of growing condition 
R pastoris expression has been shown to have the greatest impact in 
the successful production of recombinant proteins in high density fermentation 
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(Glorioso el al, 1999). Careful control of medium, dissolved oxygen, pH, 
temperature, and induction conditions can attribute to the success in high cell 
density fermentation. For example, in choosing a minimal based medium, the 
target protein could be manipulated to be secreted and purified from the culture 
with little contamination by other protein or peptides in the medium. A 
several-thousand-fold difference in the expression level was reported by using 
different bioreactor design, usually bioreactor with better oxygenation control 
will produce a higher expression yield. Oxygenation of the medium is thus an 
important factor to be considered for optimizing the fermentation process 
(Villatte el.al.，2001). 
Some secreted proteins could be degraded or are unstable during 
fermentation and several approaches could be used to minimize such breakdown. 
These include the control of pH (Clare et al., 1991), the addition of a modest 
amount of casamino acids or peptone to inhibit proteolytic enzyme (Siegel et al., 
1990). Temperature is another essential factor to control as Pichia grows poorly 
in temperatures exceeding 32°C. High level expression could also be achieved by 




1.6 Purpose of present study 
The purpose of the present study is to produce a recombinant grass 
carp growth hormone in Pichia Pastoris to a high level and characterize the 
purified recombinant protein. The final objective is to test the potential use of 
this growth hormone in fish farming. 
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Chapter 2 
Materials & Methods 
Materials: 
2.1 Bacterial Strains 
The Escherichia coli strains used are derivatives of wild type strain K12, 
DHSaand JM109. 
2.2 Yeast Strains 
The Yeast strains Pichia GS115 and KM71 used are derivatives of wild type 
strain Saccharomyces cerevisiae. 
2.3 Plasmid 
The plasimd used as vector in cloning the recombinant genes was PIC9. 
2.4 Bacterial culture Media and Solutions 
Luria Bertani (LB) medium (per litre, lOg Bacto-tryptone, 5 g Bacto- yeast 
extract, 10 g sodium chloride; pH adjusted to 7.5 with sodium hydroxide before 
autoclaving) was prepared for bacterial culture (Maniatis et al., 1982) and 
whenever ampicillin or kanamycin were required, supplemented to a final 
concentration of 50 /z g/ml. Plate medium contained 15 g agar per litre of LB. 
Products for media preparation were supplied by Difco Laboratories, USA 
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and Sigma Chemical Company, USA. 
2.5 Antibiotic Solutions 
A stock solution of the sodium salt of ampicillin (Sigma Chemical Co.) was 
prepared at 25mg/ml with single-distilled, deionized water passed through a sterile 
0.22 ji membrane filter. Aliquots were stored at -20°C and used at the working 
concentration of 50 ji g/ml. 
2.6 Restriction endonucleases and other enzymes 
Restriction endonuclease used in digesting plasmid DNA was supplied, with 
their recommended reaction buffers, by Promega (USA), Amersham International 
(UK) and New England Biolabs, Inc. (USA). 
Alkaline phosphatase (calf intestinal phosphase) for dephosphorylation of 
enzyme-digested vector DNA was supplied by Pharmacia-LKB (Sweden). 
T4 DNA ligase was purchased from Amersham (UK) with its 10 x ligation 
buffer supplied. 
2.7 Culture Stock Solutions 
IX YNB (13.4% Yeast Nitrogen Base with Ammonium Sulfate without amino 
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acid) 
Dissolve 134g of yeast nitrogen base (YNB) with ammonium sulfate and without 
amino acid in 1000ml of water and filter sterilize. Heat the solution to dissolve 
YNB completely in water. Store at + 4°C. Alternately, use 34g of YNB without 
ammonium sulfate and amino acid and lOOg ammonium sulfate. 
500X B (0.02% Biotin) 
Dissolve 20mg biotin in 100ml of water and filter sterilize. Store at +4°C. 
lOOX H (0.4% Histidine^ 
Dissolve 400mg of L-histidine in 100ml of water. Heat the solution, if necessary, 
to no greater than 50°C in order to dissolve. Filter sterilizes and store at +4°C. 
IPX D (20% Dextrose) 
Dissolve 200g of D-glucose in 1000ml of water. Autoclave for 15 minutes or filter 
sterilizes. 
IPX M (5% methanol� 
Mix 100ml of glycerol with 900ml of water. Sterilize either by filtering or 
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autoclaving. Store at room temperature. 
lOOX AA (0.5% of each Amino Acid� 
Dissolve 500mg each of L-glutamic acid, L-methionine, L-lysine, L-leucine, and 
L-isoleucine in 100 ml of water. Filter sterilizes and store at +4°C. 
IM potassium phosphate buffer, pH 6.0: 
Combine 132ml of IM K2HPO4, 868ml of IM KH2PO4 and confirm that the 
pH=6.0 +- 0.1 (if the pH needs to be adjusted, use phosphoric acid or KOH). 
Sterilize by autoclaving and store at room temperature. 
Yeast Extract Peptone Dextrose Medium (1 liter�/YPD orYEPD 
Dissolve lOg yeast extract and 20g of peptone in 900ml water. Note: Add 20g of 
agar if making YPD slants or plates. Autoclave for 20 minutes on liquid cycle. 
Add 100ml of lOX D. 
Regeneration Dextrose Medium +- Histidine (1 liter) 
Dissolve 186g of sorbitol in 700ml of water. Autoclave 20 minutes on liquid cycle. 
Cool and maintain the liquid medium in a 45 °C water bath. Prepared a 
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prewarmed (45°C) mixture of the following stock solutions: (100ml of lOXD, 
100ml of lOX YNB, 2 ml 500X B, 10ml of lOOX AA and 88ml of sterilize water). 
For growth of his4 strains, histidine must be added to the media. Add 10 ml of 
lOOX H (histidine) to the prewarmed mixture. Store at +4°C. 
Minimal Dextrose Medium +- Histidine (1 liter) 
For preparing medium, autoclave 800ml of water for 20 minutes on liquid cycle. 
Cool to about 60°C and then add 100ml of lOX YNB, 2ml of 500X B, 100ml of 
lOX D. To make MDH, add 10 ml of lOOX H stock solution. Mix and store at +4 
°C. For plates, add 15g agar to the water. 
Minimal Methanol +- Histidine (1 liter) 
For preparing medium, autoclave 800ml of water for 20 minutes on liquid cycle. 
Cool autoclaved water to 60°C and add: 100ml of lOX YNB, 2ml of 500X B, 
100ml of lOX M. To make MMH, add 10ml of lOOX H stock solution. Mix and 
store at +4°C. For plates, add 15g agar to the water. 
Buffered Minimal Glycerol & Buffered Minimal Methanol (BMG/BMM) (1 
liter) 
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Autoclave 700ml water for 20 minutes on liquid cycle. Cool to room temperature, 
then add the following and mix well: 100ml 1 M potassium phosphate buffer， 
pH6.0，100ml lOX YNB, 2 ml 500X B and 100ml lOX GY. For BMM, add 100ml 
lOX M instead of glycerol. 
Buffered Glvcerol-compiex Medium & Buffered Methanol-complex Medium 
(BMGY/BMMY) (1 liter� 
Dissolve lOg yeast extract, 20g peptone in 700ml water. Autoclave 20 minutes on 
liquid cycle. Cool to room temperature, then add the following and mix well: 
100ml IM potassium phosphate buffer, pH 6.0，100ml lOX YNB, 2ml 500X B 
and 100ml lOX GY. For BMMY, add 100ml lOX M instead of glycerol. Store at 
+4°C. 
2.8 SDS-PAGE and Western blot reagents: 
1 X SDS eel-loading buffer 
It contained 50mM Tris.Cl (pH 6.8), lOOmM dithiothreitol, 2% SDS 
(electrophoresis grade), and 0.1% bromophenol blue, 10% glycerol. 1 X SDS 
gel-loading buffer lacking dithiothreitol can be stored at room temperature. 
Dithiothreitol should be added just before the buffer is used to form a IM stock. 
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Ammonium nersulfate, 10% ( w / v � 
This solution is prepared by adding 1 g ammonium persulfate powder in 10 ml 
distilled water. It could be stored at room temperature. 
Tris-glvcine electrophoresis buffer 
A 5X stock can be made by dissolving 15. Ig of Tris base and 94 g of glycine in 
900ml of deionized H2O. After that, 50ml of a 10% (w/v) stock solution of 
electrophoresis-grade SDS is added, and the volume is adjusted to 1000ml with 
H2O. 
Transfer buffer 
This buffer is prepared by adding 39mM glycine, 48mM Tris base, 0.037% SDS 
(electrophoresis grade), 20% methanol. For example, to prepare 1 liter of transfer 
buffer (pH 8.3)，mix 2.9 g of lysine, 5.8g of Tries base, 0.37g of SDS, and 200ml 
of methanol. 
29 
Materials & Methods 
NBT 
Dissolve 0.5g of NBT, which is available from several manufacturers, in 10 ml of 
70% dimethylformamide. 
BCEP 
Dissolve 0.5g of BCEP disodium salt, which is available from several 
manufacturers, in 10 ml of 100% dimethylformamide. 
Alkaline phosphatase buffer 
It is a medium containing 100 mM NaCl，SmM MgCl2 and 100 mM Tris.Cl (pH 
9.5). 
2.9 DNA agarose gel 
TAE buffer, SOX 
This buffer is prepared by adding 242g Tris base, 136.Ig sodium acetate, 19g 
Na2EDTA.2H20 in 700 ml distilled water. Adjust pH to 7.2 with acetic acid and 
add water to a final volume of 1 L. 
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Gel loading buffer, DNA 
This buffer is prepared by adding 4g sucrose, 0.025g bromophenol blue, and 
0.025g xylene cyanol in 10 ml distilled water. Store at 4°C. 
Ethidium bromide (EtBr), lOmg/ml 
This solution is prepared by adding 0.2g Ethidium bromide in 19.8ml distilled 
water. It could be stored in room temperature and in the dark. 
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Methods 
2.10. General Techniques: 
Preparation of competent cells (Hanahan 1985) 
E.coli strain JM109/DH5 a was streaked from a frozen stock or stab culture on 
to LB plate. After overnight incubation at 37°C, a single colony was transferred under 
sterile conditions to 5ml LB medium. The culture was shaken in a 37°C water bath 
overnight and 1% of this culture was used to inoculate 200ml fresh LB in a 1 L flask 
until the cell culture reached O.D. 600 = 0.3-0.4. The cells were chilled at 4°C for at 
least 15 minutes, then pelleted at 5,000 rpm for 10 minutes at 4°C. 
The medium was drained thoroughly before resuspending the cells in 15ml 
ice-cold Ca/glycerol buffer (10% 0.6M CaCb, 2% 0.5M Pipes pH7, 15% pure 
Glycerol). Pelleted at 5000 rpm for 5 minutes in 4°C. Repeated the above procedure 
twice and cooled the cells in Ca/glycerol buffer for 30 mins. Finally resuspended the 
pellet in 4-5 ml ice-cold Ca/Glycerol buffer. The competent cells were aliquot into 1.5 
ml microcentrifuge tubes and were rapidly frozen in liquid nitrogen before storage 
(preferably, for not longer than 6 months) in a -70°C freezer. 
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Preparation of yeast competent cells 
Pichia pastoris from stock slant was grown (invitrogen) in YPD in a 50 ml 
conical flask at 30°C overnight. Overnight culture was inoculated into 500ml of fresh 
medium in a 2 liter flask. The culture was grown overnight to an OD600= 1.3-1.5. 
The cells were centrifuged at ISOOxg for 5 minutes at +4°C. The pellet was 
resuspended with 500ml of ice-cold sterilize water. Centrifuge the cells again at 1500 
X g at +4°C, then resupspend the pellet with 250ml of ice-cold sterilize water. 
Centrifuge the cells again at 1500x g and then resupspend the pellet in 20ml ice-cold 
1 M sorbitol. Centrifuge the cells at 1500 x g and then resuspend the pellet in 1 ml 
ice-cold 1 M sorbitol for a final volume of approximately 1.5 ml. The cells were 
aliquoted to 1.5 ml microcentriguge tubes and freeze them at -70°C. 
Mini-preparation of plasmid: 
The method was based on the Wizard Plus SV Minipreps DNA Purification System 
provided by Promega. All the centrifiigation steps were performed at maximum speed 
(>10,000g) in a table-top microcentrifuge. The overnight culture of plasmid-containing 
cells was collected by centrifiigation for 30 sec. All the supernatant were removed by 
aspirating or pipetting. The cell pellet was resuspened by 200)^ 1 Cell Resuspension 
Solution. The Cell Lysis Solution (250|li1) was added and mixed gently by inverting about 
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10 times. Afterwards, 250|il of the Neutralization Solution were added and gently mixed 
by inverting. The cell debris was removed by centrifugation for 10 min. The cleared 
lysate was transferred into a Spin Column. The matrix was centrifuged for Imin. Wash 
Buffer (750|li1) was added and the mixture was centrifuged for Imin. The filter was 
washed again with 250pil Wash Solution. Finally the plasmid DNA was eluted by 100^1 
sterile water (with 65°C) and stored at -20°C until use. 
Agarose gel electorphoresis of DNA 
DNA was separated in 1 to 1.5% (w/v) agarose gel with Tris-Acetate acid-EDTA 
(TAB) as buffer. These gels were prepared by dissolving 1 to 1.5% agarose (w/v) in 
IX TAE buffer and O.S^czg/ml ethidium bromide. The DNA sample was mixed with 
an appropriate amount of 6X agarose gel loading buffer to give a final concentration 
of IX solution. Then the sample was loaded into the slots of the gel which was placed 
into the electrophoresis tank and covered by IX TAE buffer. A voltage of 70V was 
applied. When the bromophenol blue has migrated for an appropriate distance through 
the gel, the gel was examined under ultraviolet (UV) light. 
Linearization and dephosphorylation of nlasmid DNA 
Plasmid vector(5 fi g) was digested with 50 units of suitable restriction enzyme(s) 
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in a 50/zl reaction mixture. Then 5.5ul of lOX Calf Intestinal Phosphatase (CIP) 
buffer and 1 unit of alkaline phosphatase were added and the mixture was incubated at 
37C for 30 min. One more unit of alkaline phospatase was added and the incubation 
was continued for another 30 min. The digested vector was purified by QIAGEN 
nucleotide purification kit and finally eluted in 30/zl water. These pre-treated vectors 
were stored at -20°C until use. 
Purification of DNA from agarose using OIAEX n kit 
The following method was based on the suggested protocol of the supplier 
(Qiagen). The DNA band was excised from the agarose gel with a clean and sharp 
scalpel. 3 volume of buffer QX was added to the gel and the gel was melted at 50°C 
for 5 min. QIAEX II (10/zl) was added to the melted gel after vortexing. The mixture 
was incubated at 50°C for lOmin and was vortexed every 3 min. The QIAEX II pellet 
was saved by centrifugation at 12,000 g at room temperature for 30 sec. The pellet 
was washed by 500ul PE two times and was air-dried for about 10 min until the pellet 
becomes white. Finally, the DNA was eluted by 20/zl lOmM Tris-Cl. The product 
was stored at -20°C until use. 
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Ligation of DNA fragment to linearized vector 
The following protocol describes the general conditions for the ligation reaction. 
The vector (5ng) and an appropriate amount of foreign DNA (2:1 to 3:1 to DNA to 
vector ratio) was mixed together. Then 10 X ligation buffer was added to the reaction 
mixture to a final concentration of 1 X. One jul of T4 DNA ligase (Promega, 3U/ ji 1) 
was added and the mixture was incubated overnight at 16°C. The product was stored 
at -20°C before transformation. 
DNA transformation 
Heat shock transformation 
An aliquot of frozen cells was thawed at room temperature briefly before sitting 
the cell suspension on ice. DNA (recombinant of non-recombinant plasmids) was 
added to in a 10-20/zl volume, mixed gently and incubated on ice for at least 30 
minutes while a water bath was heated up to 42°C. The cell-DNA mixture was placed 
in the warm bath for exactly 90 seconds, then returned to ice immediately for at least 
5 minutes. 0.8 ml of freshly prepared LB medium was added and incubated at 37°C 
water bath or dry air incubator, with gentle agitation, for 45 minutes before plating out 
on the appropriate plate media such as LB with antibiotics. 
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Determination of Protein Concentration by Bradford's Method (Bradford, 1976) 
A standard calibration curve was set up by preparing a number of bovine serum 
albumin (BSA, Sigma) solutions of different concentration (1 /zg/ml to 10/zg/ml). 
The volume of each BSA solution was made to 800 ji 1 with phosphate-buffered saline 
(PBS). Sample with protein concentration to be determined was mixed with PBS to 
give a final volume of 800 fi 1. 200 ji 1 of Bradford's reagent containing 0.01% (w/v) 
phosphoric acid was added to each tube. Absorbance at 595nm was measured after 
standing to room temperature for 15 minutes. 
Sodium Dodecvl Sulphate-Polvacrvlamide Gel Electrophoresis (SDS-PAGE) 
SDS-PAGE was carried our according to the method of Laemmli (1970) with a 
separation gel of 12% to 15%. The size of the mini-gel was 12cm x 16cm which the 
cast gel system is purchased form Bio-Rad. 
Western Blot analysis 
After SDS-PAGE, the proteins were electro-transferred to nitrocellulose paper 
(Schleicher and Schuell) by a semi-dry electroblotter. The blotted membrane was 
saturated with 5% non-fat milk powder in phosphate buffer saline (PBS; 0.0IM 
Na2HP04, 0.15M NaCl) with 0.1% Tween 20(PBST buffer) for 1 hour at room 
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temperature. The membrane was then transferred to the first antibody solution which 
contained a monoclonal antibody that was produced in mouse immunized with a 
natural grass carp growth hormone as 22G5. The working concentration of 22G5 is 13 
/zg in PBST milk buffer. The membrane was incubated at 4°C overnight. Afterwards, 
the membrane was washed with PBST buffer for 10 minutes 3 times. The membrane 
was incubated with a second antibody for 1 hour at room temperature with gentle 
shaking. The second antibody used was goat anti-mouse IgG conjugated with alkaline 
phosphate (Bio-Rad). The working dilution was 2000 fold in PBST milk buffer. The 
membrane was washed with PBST buffer again for 10 minutes 3 times. At this stage, 
the membrane was ready for color detection. Before color development, the 
membrane was rinsed with 0.15M barbital acetate buffer pH=9.6. The substrate buffer 
was prepared freshly and it consisted of 100 ii 1 buffer A (Smg/ml 
5-bromo-4-chloroindoxyl phosphate), 1 ml buffer B (Img/ml nitro blue tetrazolium in 
0.15M barbial acetate buffer). The developing time was about 15 minutes. 
Staining SDS-polvacrvIamide gel with coomassie brilliant blue 
Staining solution are prepared by adding 0.25g of Comassie Brilliant Blue R250 
in 90 ml of methanol: H2O (1:1 v/v) and 10 ml of glacial acetic acid. Filter the 
solution through a Whatman No. 1 filter to remove any particulate matter. Immerse the 
38 
Materials & Methods 
gel in at least 5 volume of staining solution and place on a slowly rotating platform 
for a minimum of 4 hours at room temperature. Remove the stain and destain the gel 
in destaining solution which contains methanol/acetic acid without dye on a slowly 
rocking platform for 4-8 hours, changing the distaining solution three or four times. 
After distaining, gels may be stored indefinitely in water or dry the gel for long term 
storage. 
Silver stain analysis 
To increase the sensitivity, the silver stain was carried out to examine the 
protein purity instead of the coommassie-blue straining. It was performed following 
Silver Stain Plus Kit (Bio-Rad). First, the SDS gel was soaked in the fixing solution 
with gently shaking in room temperature for 20mins. Besides, one solution containing 
0.5ml Silver Complex Solution, 0.5ml Reduction Moderator Solution and 0.5ml 
Image Development Reagent, was mixed with 5 ml nano-KbO. Another solution 
contained 0.25g of Development Accelerator Reagent mixed with 5ml nano-HbO. 
After all, the two solutions were mixed thoroughly and poured into the gel for the 
color development around 8mins. 
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2.11. Construction of recombinant yeast strain 
Yeast Transformation 
Mix 80//I of the competent cells with 5-20 /zg of linearized DNA and transfer 
them to an ice-cold 0.2cm electrophoration curette. Incubate the cuvette with the cells 
on ice for 5 minutes. Pulse the cells with ECM600a (BTX) electrophorator under the 
following parameters: 1500V, Out Capacitance, 129 Resistance, 7500kV/cm field 
strength, 5ms pulse length. Immediately add 1 ml of ice-cold IM sorbitol to the 
cuvette. Transfer the cuvette contents to a sterilize microcentrifuge tube. Spread 
200-600 fi 1 aliquots on MD or RDB plates. Incubate the plates at 30°C until colonies 
appear. Screen for Mut'^ /Mut^ phenotypes. 
Screening for Muts clone 
All His+ transformants in KM71 will be Mut^ because of the disruption of the 
AOXI gene (aoxl: ARG4). There is no need to test recombinants for the Mut 
phenotype; all recombinants will be Mut^. Transformation of KM71 was done by 
adding Stu I linearized plasmid construct, followed by the eletrophoration protocols. 
This construct favors the recombination at the HIS4 locus. His+ transformations need 
to be purified on minimal plates without histidine to ensure pure domes isolates 
before confirming integration by PCR. 
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PCR screen 
Genomic DNA from Muts Pichia clone was isolated following the protocol of 
Invitrogen. The PCR reactions are set up by adding 5/zl lOX PCR buffer, lug in 5 /z 
1 genomic DNA, lul lOOmM dNTPs (25mM each), 5 jul 5'AOXl primer (0.1 fig/fll), 
5/zl 3' AOXI primer (0.1 //g///1) and added sterile water up to 50 fil per reaction. 
0.25 (11 Taq polymerase(5U/ fi 1) was added. Load themocycler and run the following 
program: 
Step Temperature Time Cycle 
Hot start 94°C 2 minutes 1 
Denaturation 94°C 1 minitue 
Annealing 55°C 1 minute 25 
Extension 72 °C 1 minute 
Final Extension 72°C 7 minutes 1 
Analyze 10//1 on a IX TAE, 0.8% agarose gel. The expected size of my clone is 
492bp + insert size. 
Sequencing reaction: 
The sequencing reaction was performed by Tech Dragon Ltd. The purified plasmid 
(at least 1 ji g DNA) acted as the DNA template. One set of primers (Invitrogen) was used 
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for sequencing and the working concentration is lOpmole/ (i 1. 
2.12. Expression of the recombinant protein 
Muts clone small scale secreted expression 
A single colony was inoculated into 100ml MGY in a 1 liter baffled flask. The 
culture was grown at 28-3 0°C in a shaking incubator (250-300rpm) until it reached an 
OD600=8-10 (approximately 32-38 hours). Harvest the cells by centrifuge at 1500 x g 
for 5 minutes at room temperature. To induce expression, decant the supernatant and 
resuspend the cell pellet in BMM medium using 1/10 of the original culture volume 
(approximately 10-20ml). Place in a 100ml flask and add 100% methanol to a final 
concentration of 0.5% every 24 hours to maintain induction. At each of the times 
indicated below, transfer 1 ml of the culture to a 1.5 ml microcentrifuge tube. 
Centrifuge the cells at maximum speed in a microcentrifuge for 2-3 minutes at room 
temperature. For secreted expression, transfer the supernatant to a separate tube. Store 
the supernatant and the cell pellets at -80°C until ready to assay. 
Muts done scale-up secreted expression 
Using a single colony, inoculate 10ml of BMGY in a 100ml baffled flask. Grow 
at 28-30 °C in a shaking incubator (250-300rpm) until the culture reaches an 
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OD600=8-10 (approximately 32-38 hours). Use this 10ml culture to inoculate 1 liter 
of BMGY in a 3 or 4 liter baffled flask and grow at 28-30°C with vigorous shaking 
(250-300rpm) until the culture reaches log phase growth. Harvest the cells by 
centrifliging at 1500 x g for 5 minutes at room temperature. To induce expression, 
decant the supernatant and resupend cell pellet in 1/10 of the original culture volume 
of BMM medium (approximately 100-200ml). Place the culture in a 1 liter baffled 
flask. Grow at 28-30°C with shaking. Add 100% methanol to 0.5% every 24 hours 
until the optimal time of induction is reached. Harvest cells by centrifliging at 1500 x 
g for 5 minutes at room temperature. For secreted expression, save the supernatant, 
chill to +4°C, and concentrate it down if desired. Proceed directly to protein 
purification or store the supernatant at -80°C until ready to process further. 
Fermentation of MutS done secreted expression 
Glycerol batch phase: 
Using a single colony, inoculate 100 ml of BMGY in a 250ml baffled flask. 
Grow at 28-30°C in a shaking incubator (250-300 rpm) until the culture reaches an 
OD600=8-10 (approximately 32-38 hours). Sterilize the fermenter with 2 liters 
BMGY. After sterilization and cooling, set temperature to 30°C, agitation and aeration 
to operating conditions (usually 500 rpm and O.l-l.Owm air), adjust the pH to 6.0 
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with sterilized potassium hydroxide. Inoculate fermenter with the 100ml seed culture. 
As the culture starts to grow, it will consume oxygen and the dissolved oxygen (DO) 
will decrease. It was necessary to keep the DO above 20% by adding oxygen as 
needed. The batch culture was allowed to grown until the glycerol is completely 
consumed and OD600 reaches 40 (48-60 hours). Sampling was performed everyday 
to record the growth condition. Recombinant protein would not be produced due to 
the absence of methanol. Once the glycerol is consumed, methanol batch induction 
could be done. 
Methanol batch phase: 
The yeast cells in the fermenter were collected and resuspended in BMM. The 
culture was refilled into the fermentor and initiated induction by starting a 100% 
methanol feed. Since Muf culture metabolizes methanol poorly, their oxygen 
consumption was very low. Therefore, it was necessary to monitor the dissolved 
oxygen level during the whole process. 
2.13. Purification of the protein 
O-sephrose column chromatography 
Ion exchange chromatography was performed by applying a linear gradient of 
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increasing concentration of NaCl in Tris buffer, pH 9.0. 
Reverse phase column chromatography 
Sep-Pak column was used for reverse phase chromatography. A linear step 
gradient of increasing percentage of acetonitrile (AcN) in 0.1% (v/v) trifluoroacetic 
acid (TFA) (Pan & Chang, 1993) was used. Firstly, wash the column with 20ml 0.1% 
TFA in 100% AcN three times. Then Wash with 20ml IX PBS three times. Apply 
20ml FGH samples and recycle the sample three times to minimize loss. Wash the 
column with 20ml IX PBS three times. Then wash with 20ml 0.1%TFA three times 
follows by 20 ml 0.1% TFA in 30% AcN three times. Finally, elution was done by 
applying 1ml 0.1% TFA in 70% AcN three times. Dilute the elution with 9ml IX PBS 
and dialysis against 0.0IM ammonium carbonate. 
Sephadex G-lOO Gel filtration 
Sample was applied on to a Sephadex G-lOO column that had been equilibrated 
with 0.15 M NaCl in IX PBS, pH 7.0. The amount of protein in each 5 ml fraction was 
monitored by absorption at 280nm. 
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2.14. Characterization of the protein 
Trypsin digestion of protein 
30 ii\ of recombinant protein and enzyme in a ratio of 1:50 was added. 
Reconstitute Promega trypsin in 25mM ammonium bicarbonate immediately prior to 
adding to samples. Vortex and spin down the sample and then incubate it for 4 hours 
with rotation (~400rpm) at 37°C. 
De2lvcosviation of recombinant protein (Denaturing protocol) 
Firstly, dissolve 100/zg or less of the glycoprotein in 30/zl deionized water in 
an Eppendorf tube. Add 10 5X incubation buffer and 2.5 /z 1 Denaturation 
solution. Mix gently. Heat at 100°C for 5 minutes. Cool the sample to room 
temperature and then add 2.5 /zl detergent solutions into it. Mix gently. Add 1 fi\ 
each of N-Glycanase, Sialidase A and 0-Glycanase. Incubate for 3 hours at 37°C. 
Analyze by SDS-PAGE. 
Radioimmunoassay 
lodination of r-gcGH 
Preparation of lodogen Tube: 
1 mg iodogen was dissolved in 25ml dichloromethane. 50 f i \was transferred to 
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a 1.5ml microcentrifuge tube and dried at 60C for 2 hours. The iodogen coated tubes 
could be kept and stored at -20°C for one month, 
lodination Reaction: 
1 jig r-gcGH in 50//I water was mixed with 10/zl 0.15M phosphate buffer 
(pH7.5) and 10-//I radioactive sodium iodide (NaI125) in an iodogen coated tube. 
The reaction was allowed to proceed at room temperature for 11 minutes. At the end, 
0.5 ml PBS (pH 7.5) was added to the reaction tube and the reaction mixture was 
transferred to a new tube and incubated for another 5 minutes at room temperature. 
Pre-prime cartridge (SEP-PAK, waters): 
A new Sep-pak Cartridge was pre-saturated with lOmg BSA in 1ml PBS. It was 
then washed with 10ml PBS, 10ml 0.1%TFA, 10ml 0.1%TFA in acetonitrile, 10ml 
0.1%TFAand 10ml PBS. 
Separation of the iodinated r-gcGH by SEP-PAK: 
The iodination reaction mixture was loaded onto the pre-washed Sep-pak column 
slowly by means of a syringe. The column was washed 5 times with 10ml 0.1%TFA. 
Iodinated r-gcGH was eluted with 5 washes of 1 ml 0.1% TFA in 60% AcN. The five 
eluted fractions were saved and kept separately. The fractions with the highest activity 
was used as the tracer in the radioimmunoassay. 
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Binding assay 
An antiserum against n-gcGH was diluted to 5000 fold with RIA buffer (1% 
BSA, 0.1% Triton X-100 and 0.1% thimerosal in PBS pH7.5). The tracer 
(I125-r-gcGH) was diluted with RIA buffer to emit about 40000cpm per 100//I buffer. 
Purified n-gcGH dissolved in RIA buffer at the concentrations of lOOng, 50ng, 25ng, 
and 12.5ng per 100//I were used as standards in RIA. For each assay tube, 100/zl 
diluted antiserum, 100 /zl tracer (iodinated r-gcGH) and either 100 {i\ RIA buffer 
for maximum binding, or 100 (i\ cold n-gcGH for standard curve, or 100 //I sample 
for detection of r-gcGH, were mixed and incubated at 4°C overnight. Bound 1125 
r-gcGH was separated from free by second antibody precipitation. 30/zg rabbit IgG 
(Antibodies Incorporated) in 100 /zl RIA buffer and 100 /zl 10 fold diluted goat 
anti-rabbit IgG (Antibodies Incorporated) in RIA buffer were added to each assay tube 
and incubated for another overnight at 4�C. After the addition of 1 ml ice cold PBS 
(pH7.5), the reaction mix was centrifuged at 4000 rpm for 30 minutes to pellet the 
precipitate. The supernatant was carefully pipetted off and the radioactivity in the 
pellet was then counted in a gamma counter (Knotron Gamma Counting System). 
48 
Materials & Methods 
Biological activity assay： Dual-Luciferase Reporter assay system (Promega) 
To functionally characterize the gcGH, a bioassay using CHO cell line was used. 
The ability of the gcGH to respond to sbGHR stimulation in transactivating a serine 
protease inhibitor (Spi) promoter was assessed. A rat Spi 2.1 promoter-luciferase 
construct (in pGL2 vector) was kindly provided by Dr Nils Billestrup of the Hagedom 
Research Institute in Denmark (Billestrup and Nielsen, 1991). The Dual Luciferase 
System of Promega was used. The Spi 2.1 promoter-containing pGL2 vector and the 
pRL/CMV vector were transfected into the cultured cells (in 24 well plates) by 
Lipofectamine Plus. Transfections with pGL-Basic and pGL-Control vectors were 
conducted in parallel as negative and positive controls, respectively. Five hours after 
transfection, 0.5ml of gcGH or HGH (as positive control) (250ng/ml) were added. 
The cells were incubated with the hormones for 48 hours after which the medium was 





3.1 Construction of Recombinant Plasmids 
Features of Parent vector PIC9 
The parent vector, PIC9, used in the present study for plasmid construction 
comes from a commercial kit produced by Invitrogen Cooperation, (Catalog no. 
K1710-01). The size of the parent vector is about S.Okb and is composed of 
different regions with different functions. Table 3.1 and Fig.3.1 show the features 
and restriction map ofPIC9. 
Table 3.1 Summary of the feature, description and benefit of each region of 
vector PIC 9 components. 
Feature Description Benefit 
Allows methanol-inducible 
An �lOOObp fragment high level expression in 
5 ‘ AOXI containing the AOXI Pichia. 
promoter Target plasmid integration  
to the AOXI locus. 
“ DNA sequence coding for targets desired protein for 
Sig an N-teminal protein secretion. 
secretion signal.  
Allow insertion of your 
MCS Multiple cloning site gene into the expression 
vector.  
Native transcription Permits efficient 
j j termination and transcription termination 
polyadenylation signal and polyadenylation of the 
from AOXI gene (~260bp) mRNA.  
Pichia wild-type gene 
coding for histidine Provides a selectable 
HIS4 dehydrogenase (~2.4kb) marker to isolate Pichia 
and used to complement recombinant strains. 
Pichia his4 strains.  
Sequence from the AOXI Targets plasmid integration 
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gene that are further 3'to at the AOXl gene. 
3'AOXl the TT sequences (~650bp) 
A m p A . -11. .‘ Allows selection, 
ColEl ^picillm resistance gene replication, and 
Origin E.coh origin of replication maintenance ofKcoli 
D ‘ . L - • Permits generation of 
FloHgin B a c ^ n ^ o f _ l e = ， 如 
got I Permits linearization of 
o^ T TT . ‘ . 、 vector for efficient 
I Unique restriction sites integration into the Pichia 
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Fig. 3.1 Restriction map of PIC 9. The plasmid has a size of about S.Okb. 
Comments for PIC9: 8023 nucleotides 3'AOXl primer site: bases 1327-1347 
5' AOX promoter fragment: bases 1-948 3'AOXl transcription termination (TT) 
fragment: bases 1253-1586 
5’ AOX primer site: bases 855-875 HIS 4 ORF: bases 4514-1980 
a -factor secretion signal (S): base 949-1218 3'AOX 1 fragment: bases 4870-5626 
a -factor primer site: bases 1152-1172 ColEl origin: bases 6708-6034 
Multiple Cloning Site regions: bases 1192-1241 Ampicillin resistance gene: bases 7713-6853 
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lOpg of PIC 9 plasmid D N A was used for heat shock transformation of 
bacterial competent cell DH5a. Larger amount of PIC 9 plasmid D N A could be 
obtained by minipreparation of the PIC-9 transformed bacterial culture. 
1 2 3 
遍 
Fig. 3.2 Agarose gel electrophoresis of the PIC-9 plasmid with the right size 
8kb and the existence of supercoiled form plasmid. 
Lane 1: uncut PIC 9 plasmid after minipreparation 
Lane 2: uncut PIC 9 plasmid after minipreparation 
Lane 3: 1000 base pairs DNA marker (MBI Fermentas) 
The 8kb PIC9 vector was purified by GENECLEAN, and was ready for 




The grass carp growth hormone (gcGH) cDNA, which carries both the 
5'and 3’ untranslated region (Appendix) had been previously cloned into the 
unique EcoRI site of a pUC 19 plasmid and was designated as fGHlOl (Ho, 
unpublished result). Although the gcGH cDNA has a size of 1185bp, the gcGH 
coding region is confined to the 5' end of the fragment which contains a 43 bp 
long untranslated leader and a 520bp long 3' untranslated tail. The mature gcGH is 
only about 573bp long. In order to obtain this mature gcGH cDNA fragment, a 
pair of gene specific primers with two artificial restriction sites were designed as 
shown in Fig. 3.3 (Gibcco): 
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/ • • . .•.•••： 
• •• 
j Forward primers: ： 
j 5，GAA-GAATTC-GGG-ACG-GCC-TCA-GAG-AAC-S， ： 
j EcoRI ： 
： Backward primers: | 
：5'GAA-GCGGCCGC-CAG-GGT-GCA-GTT-TGA-ArC-3' j 
:• Not I ； 
••/ 
Fig . 3.3 Nucleotide sequence of the forward and backward primers used for 
PCR amplification of the native gcGH. 
The designed forward primer should bind to the 5' end region of the target 
gene starting at the first codon of the mature native grass carp growth hormone. 
The backward primer should bind to the complementary strand at the 3' end 
region starting at C A G on the double strands plasmid pUC19. The 5’ over hang 
of the primer will introduce an artificial restriction site EcoRI and the 3' over 
hang of the backward primer will introduce a Not I site. 
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Construction of PIC9-codon modified grass carp GH 
Another plasmid, pADH4, used in our study, contains a 5' codon 
modified grass carp growth hormone cDNA. The first codon of the 18 amino 
acids of the open reading frame had been changed to E.coli preferable codons. 
The purpose of using this vector is to compare the effect of codon usage on the 
expression yield in yeast system. This gene is amplified by PCR and cloned for 
future construction of a recombinant yeast strain. A pair of gene specific primers 
with two artificial restriction sites was designed for amplifying the cDNA 
sequence of this gene. (Gibcco): 
,•••• •••••••• 
； Forward primers: • 
j 5' GAA-GAATTC-GCT-TCT-GAA-AAC-CAA-CGC-S' j 
j EcoRI ： 
： Backward primers: ： 
： 5'GAA-GCGGCCGC-CAG-GGT-GCA-GTT-TGA-ATC-3' ： 
: Not I ： 
••••  
Fig. 3.4 Nucleotide sequence of the forward and backward primers used for PCR 
amplification of the codon modified gcGH. 
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Fig.3.4 shows the design of the forward and backward primers. The forward 
primer should bind to the 5' end region of the target gene starting at the first codon 
of the 5' codon modified grass carp growth hormone. The backward primer should 
bind to the complementary strand 3' end region starting at C A G on the double 
strands plasmid pADH4. The 5' over hang of the primer will introduce an addition 
of an artificial restriction site EcoRI and the 3' over hang of the backward primer 
will introduce an artificial restriction site Not I. 
Construction of PIC9-sbGH 
In order to compare the effect of different genes on the expression yield in 
yeast system, another fish growth hormone gene was cloned. The cDNA of 
seabream growth hormone (sbGH) was available from our colleagues and it was 
amplified by P C R and cloned. The size of mature seabream growth hormone is 
582bp long. A pair of gene specific primers with two artificial restriction sites 
were designed as shown in Fig. 3.5(Gibcco): 
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, • • . •••••• 
參 • 
• • 
I Forward primers: •: 
j 5，GAA-GAATTC-GAC-AGA-GTG-GTG-CTC-ATG-S ‘ ； 
j EcoRI : 
： Backward primers: | 
： 5 ’ GAA-GCGGCCGC-CTA-CAG-GGT-GCA-ATT-GGC-S ’ j 
: Not I j 
• •• 
• • • • • • • • • • • 
Fig. 3.5 Nucleotide sequence of the forward and backward primers used for PCR 
amplification of the seabream growth hormone. 
The forward primer binds to the 5' end region of the target gene starting at the 
first codon of the mature seabream growth hormone. The backward primer binds 
to the complementary strand 3' end region starting at CTA on the double strand 
plasmid. The 5，over hang of the primer will introduce an artificial restriction site 
EcoRI and the 3' over hang of the backward primer will introduce an artificial 
restriction site Not I. 
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1 2 3 4 
14kb 
Ikb ~  
600bp 
Fig. 3.6 PCR amplification of native grass carp growth hormone, 5，codon 
modified grass carp growth hormone and seabream growth hormone. 
Lane 1: 100 base pairs DNA marker (MBI Fermentas) 
Lane 2: 600 base pairs amplified native grass carp growth hormone gene 
Lane 3: 600 base pairs amplified 5' codon modified grass carp growth 
hormone gene. 
Lane 4: 600 base pairs amplified seabream growth hormone gene. 
The three G H genes were amplified according to standard PCR profile 
described in section 2.10. Fig.3.6 shows the three amplified PCR products, with 
the expected size of 600bps. The PCR products were recovered for cloning into 
the parent vector, PIC9. 
Restriction digestion of the PCR amplified GH and PIC9 plamsid 
Restriction digestion on the multiple cloning site of the PIC 9 parent 
vector and the PCR amplified G H fragments were done by using EcoRI and Not 
I restriction endonuclease. Fig.3.7 shows the digested D N A fragements after gel 
electrophoresis. They all showed the expected size and there was no indication of 
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degradation. The digested D N A was then purified by G E N E C L E A N for ligation 
experiments. 
1 2 3 4 5 67 
600bps 
Fig. 3.7 Agarose gel electrophoresis of the digested plasmid PIC 9，digested 
gcGH, 5，codon modified and sbGH DNA fragment. 
Lane 1: 1Kb DNA marker (MBI Fermentas) 
Lane 2: 8kb uncut PIC 9 plasmid (control) 
Lane 3: 8kb PIC9 plasmid after Eco RI and Not I restriction enzyme 
digestion 
Lane 4: 600 bps PCR amplified grass carp growth hormone Eco RI and Not 
I enzyme digestion 
Lane 5: 600 bps PCR amplified 5，codon modified grass carp growth 
hormone after Eco RI and Not I restriction enzyme digestion. 
Lane 6: 600bps PCR amplified seabream growth hormone gene after Eco RI 
and Not I restriction enzyme digestion. 
Lane 7: 100 bps DNA marker (MBI Fermentas) 
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Ligation of the sticky end GH fragments to PIC9 vector 
The last step in cloning involves ligation of the G H fragments into the 
PIC9 vector. The ligation procedure was carried out as described in section 2.10. 
The ligation sites used were EcoRI at the 5' end and NotI at the 3' end. The 
ligated products were transformed into E.coli DH5 a and after overnight 
incubation in L B A agar, clones were picked for culturing. After minipreparation 
of these overnight cultures, the transformed plasmids were extracted and 
submitted for D N A sequencing. Sequencing results are shown in Fig. 3.8-3.10. 
3.2 Sequencing of the recombinants 
In order to determine the proper insertion of the target genes into the 
transfer vector PIC9, the 5' AOXl and 3，AOX 1 primers were used. These two 
primers are provided from the reagent kit purchased with the vector (Catalog no. 
K1710-01) and the sequences are as follow: 
5'AOXl is 5'-GACTGGTTCCAArTGACAAGC-3' 
3'AOXl is 5'-GCAAATGGCATTCTGCATCC-3' 
The 5' A O X l primer hybridizes to a target sequence at the 5’ end of the 
multiple cloning sites in the A O X l promoter region which allows sequencing of the 5' 
AOXl-GH gene junction. The. 3，AOXl primer is the backward primer which can 
hybridize the complementary strand at the M C S in the 3' AOXl (TT) region. It 
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determines the 3' AOXl-GH gene junction. The three constructs described were 
sequenced in this manner. Fig 3.8, 3.9, 3.10 show the alignment of the recombinant 
plasmids and their respective cDNA sequence. The upper sequence in the figures is 
the cDNA of the respective G H and the lower sequence is the amplified D N A 
fragments from the recombinant plasmid. Results indicate that no frame shift and 
mutation occurred. Both the reading frames and the start ATG site were determined to 
be properly aligned. 
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1 0 2 0 3 0 4 0 SO 6 0 
——I——I——I——I——I——I——丨——I——I——I——I——I 
C:\BIOEDIT  
c:\BioEDiT M a k i i — • HyuMMifti Bern•遍纏 eagaaaianm nroaismi LiLMMiaAi., 
7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 
I I I I I I I I I I I I 
C:\BIOEDIT   
C:\BI0EDIT Mii i i ia j i j 臓 丄 細 ^MM^um 眺 腿 . n r a m ^ m r a m s H 
1 3 0 1 4 0 I S O 1 6 0 1 7 0 1 8 0 
I I I I I I I I I I I I 
C:\BIOEDIT  
C:\BI0EDIT yJiilittiMiiLiMy MMHiiM^ fBSmSSSR HgEMnMyMkM BCMililMI MtHiiMMiMI 
1 9 0 2 0 0 2 1 0 2 2 0 2 3 0 2 4 0 
I I I I I I I I I I I 丨 
C:\BIOEDIT  
C:\BI0EDIT MJMiiJIiJiiB MMJiAMyMa LA^AKLAMA" kJyBAAHiJM liJ^ MiMMH liiLiiiAMjliRAJi 
2 S 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
I I I I I I I I I I I I 
C:\BIOEDIT  
c:\BioEDiT mfffiwiwm VMiiii-iiiJ^ Ha ^m^mBj, mMMi^^, • 丄 棚 If附脚科-i 
3 1 0 3 2 0 3 3 0 3 4 0 3 S 0 3 6 0 
I I I I I I I I I I I I 
C:\BIOEDIT   
C:\BI0EDIT BAMMHiiLA! MjAMiWiMyi BRIi&MAiiiH BBgALAMJkH tiiMMMAI BaBMBa™ 
3 7 0 3 8 0 3 9 0 4 0 0 4 1 0 4 2 0 
C:\BIOEDIT 二」二：由 SragSgRR ^ ^ ^ ^ W B B B M f l ^ ^ 
c:\BioEDiT HBIBMBKB HMMSMBHI HBBSHBB WHUHHIB BHMSffiSBS 
4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0 
C:\BI0EDIT fcA™^^ m s h ^ ^ ^ ^ ^ ^ B j j B g g ^ ^ A u m 
c:\BioEDiT e a i a w B B T O B a a B M M M B B H s a p a g w ^ H S B a E M B B S B 
4 9 0 5 0 0 S I O 5 2 0 5 3 0 5 4 0 
c:\BioEDiT jjSBggB™ Bgrismg g n k c j ^ RfflRRjgjjSR ragj^^ 
c:\BioEDiT BHiMBBB WfflHB^ BSIMBBB H8BWBBB BBBfflSBB B B W 8 8 W 
S S O S 6 0 S 7 0 £ 8 0 S 9 0 6 0 0 
C:\BI0EDIT gUA&j^^ E B A ^ ^ BgMkfeaMi 
c:\BioEDiT raWSBBB Qj^QQJj^ S88MIBH8i HffiHIBBSB W8BH8MBI BBWHaBWI 
6 1 0 6 2 0 6 3 0 6 4 0 6 5 0 6 6 0 
c:\BioEDiT ftAniA^ m M M ^ B g n ^ j ^ g a m ^ ^ 
C:\BIOEDIT gQ^QQI^Q ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
6 7 0 680 690 7 0 0 7 1 0 7 2 0 
c:\BioEDiT E E E ^ g i ^ g m j m r i gratoi^ ggtogri B r i s g m 
C:\BIOEDIT ^ ^ H Q ^ ^ Qgg^^^Q BIHBMHIti 
T o n n x n n c n n c n n i n i o n 
63 
Results 
c:\BioEDiT i i i i i i l i^^ ggfettA^ m^^m mgmm 
C:\BI0EDIT ^^gCTffi B ^ r o ^ H M B i B I m B ^ S B H i U M B i i B M U M 
7 9 0 8 0 0 8 1 0 8 2 0 8 3 0 8 4 0 
c:\BioEDiT g m | j | m u w ^ i ^ H M v a u ^ g m k r i H a & m y ^ 
c:\BioEDiT BBBBjaaai BeSBBBB QQIQy^QI BBHIBHW BIHIMHi B98H8MM 
8 S 0 8 6 0 8 7 0 8 8 0 8 9 0 9 0 0 
c:\BioEDiT b b b b ™ ™ ™ ™ g r i g ™ ffiEjgrans^ 
c:\BioEDiT Q J ^ ^ ^ Q QUQUQJg QQIQQgg MBBHMHI QJQgQQg 
9 1 0 9 2 0 9 3 0 9 4 0 
c:\BioEDiT m t i B r i m ^ r i ^ ^ 
c:\BioEDiT BBBBBBM H8SH83MM8 BBBHH9WH ffiHjHBiHW BHSBB 
Fig. 3.8 Alignment result of native grass carp growth hormone cDNA sequence 
and the recombinant PIC9-gcGH sequence. 
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1 0 2 0 3 0 4 0 5 0 € 0 
——I——I——I——I——I——I——I——I——I——I——I——I C:\BIOEDIT   
C:\BI0EDIT 陽 細 欄 ^ ^ m m BwramB “jwmim>U‘ k^^^^uum m a m a B 
"70 8 0 9 0 1 0 0 1 1 0 1 2 0 
——I——I——I——I——I——I——I——I——I——I——I——I C:\BIOEDIT   
c:\BioEDiT y i M M u w mm^osm fsmmm fajmiL_, ““iLiIM腳 
1 3 0 1 4 0 I S O 1 6 0 1 7 0 1 8 0 
——I——I——I——I——I——I——I——I——I——I——I——I C:\BIOEDIT   
c:\BioEDiT BJRMim&i aajMLAMi msBsmm mmmm • • w j u m 
1 9 0 2 0 0 2 1 0 2 2 0 2 3 0 Z 4 0 
——I I — — I — — I ——I I — — I — — I — — I — — I — — I — — I 
C:\BIOEDIT   
C:\BI0EDIT SM^iMiiai mMuMMMnL, InfcRMfMMJ S^S^ B^SSR 
2 S 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
——I——I——I——I——I——I——I——I——I——I——I——I C:\BIOEDIT   
c:\BioEDiT y^ iyiiLiLiLA&i SHnUiLiMjyM B M A i M m , mm^^^t naa-iM•腦 msmms 
3 1 0 3 2 0 3 3 0 3 4 0 3 S 0 3 6 0 
——I——I——I——I——I——I——I——I——I——I——I——I C:\BIOEDIT   
C:\BI0EDIT MAiMijUA! aJALAilM! liAliAliAMMi MUMMM^ kimJA^^ 
3 7 0 3 8 0 3 9 0 4 0 0 4 1 0 4 2 0 
c:\BioEDiT ： 二 a ^ ^ i i ^ ^ BEHffijyy^ fflmm^ m B f e a B U S ^ A M ^ 
C:\BI0EDIT layiw^ TOWfffi MoLtMnHHU ^ M m i B f f i i m g fflB^IB BMBBBBB 
4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0 
C:\BI0EDIT EjBQEffijjE BEBSBS E E H S S BHEBEEB jjEBEEESm EBBEBj™ 
c:\BioEDiT B B B ^ B B BBHBWBi BSHM8BB BHUSiHI I m B H B H 
4 9 0 SOO S I O £ 2 0 S 3 0 5 4 0 
C:\BI0EDIT ffi^jMjAM g j B ^ ^ m g ^ A ^ U^AjM^ 
C:\BIOEDIT 
S S O S 6 0 S 7 0 S 8 0 S 9 0 6 0 0 
C:\BIOEDIT lill^ij^il^ B t f l a ^ g j j jW^^ Bggg^j^ ^(jgljj^^ 
c:\BioEDiT ^HEEBBai BS^^^BS SBI^^^S I ^ B ^ B B 
6 1 0 6 2 0 6 3 0 6 4 0 6 S 0 6 6 0 
C:\BiOEDiT ft^UA^ BBAfeM^ g H B ^ ^ fflV^A^ 
C:\BI0EDIT 删 B g W I B I B B ^ M B B w ™ ™ m m m BHgBBBa 
6 7 0 6 8 0 6 9 0 7 0 0 7 1 0 7 2 0 
c:\BioEDiT j i ^ g M j ^ l^^ifei^ M^aAfc^ Bmj^^i^ 
c:\BioEDiT gjgPBBB EHBBBHBgj IBWBilM I M B B B i MBBMIIWHMISB 
n nrn n^n nnn non 
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c:\BioEDiT Q g g m g g g g m ^ ^ M U W H ^ ^ ® ™ B B B B ™ ™ gemmiri 
c:\BioEDiT M B B B B B IBHMHBI H H S M B W ! W B M i i H S M B B i EffiSffitM 
7 9 0 8 0 0 8 1 0 8 Z 0 8 3 0 8 4 0 
c:\BioEDiT ^ij^jji^^ i i i t e i i i EBBiiiifl gjESEg^ g g g g j ^y^kij^^k 
c:\BioEDiT BBBBSHI BBSBBBH BcSBBeHI B8HB88BB S M I H H I B B H I H M 
8 S 0 8 6 0 8 7 0 8 8 0 8 9 0 9 0 0 
c:\BioEDiT itSBBS iBSBSk B B E B E B E E E Q ^fcttt^ a i j ^ ^ 
c:\BioEDiT BCTHB^Bi B I B H 9 M BBBMHIi BBHIHBBB wlSSSSBM BHIH8HIB 
9 1 0 9 2 0 9 3 0 9 4 0 
c:\BioEDiT ^ M u i ^ mm^^ Bjgag 
c:\BioEDiT HBHBB^Si BSHBlHSi S B 8 B W B WB8BBBH BQJJS 
Fig. 3.9 Alignment result of codon modified grass carp growth hormone gene 
cDNA and the recombinant PIC9-codon modified gcGH sequence. 
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1 0 2 0 3 0 4 0 5 0 6 0 丨 I I I I I I I I I I I 
C:\BIOEDIT   
C:\BI0EDIT hSUM^m makmjmA MiiLMLili- BBBBBBgrnB ramaBBHa LiLiMyMMU. 
7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 
I I I I I I I I I I I I 
C:\BIOEDIT  
C:\BI0EDIT MiiliaiiinHiiliAl BJiJMJuMtfiJ IMBAiftHit yiLAMnLiMiln 
1 3 0 1 4 0 I S O 1 6 0 1 7 0 1 8 0 
I I I I I I I I I I I I 
C:\BIOEDIT   
c:\BioEDiT MiJiJiLiHiLAM BMHiAhMki ms^smm aaaswmag iMhiMMaa 
1 9 0 2 0 0 2 1 0 2 2 0 Z 3 0 Z 4 0 
I I I I I I I I I I I I 
C:\BIOEDIT   
C:\BI0EDIT MJjMiijUAl hmiAliMi LAiiAHiAMai Liij^ iMMUi luMJiM&Ma liLiLAMjLAIili  
2 S 0 Z 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
I I I I I I I I I I I I 
C:\BIOEDIT   
C:\BI0EDIT hMiiMnUjiiMy yyUnUAMW tMMMMSn iilhMAiiiLiMn LiMiiLiLJyiiliijl l»ljMiiljM»Hiil» 
3 1 0 3 2 0 3 3 0 3 4 0 3 S 0 3 6 0 
I I I I I I I I I I I I 
C:\BIOEDIT  
c:\BioEDiT mffiTOffi眚ffi nmmm 说 t W j f j m i j f f f l H 
3 7 0 3 8 0 3 9 0 4 0 0 4 1 0 4 2 0 
c:\BioEDiT :---E m^g^ffl ^gHnHBffl ^ Q ^ m g U M ^ ^ ^ 
c:\BioEDiT BSHBHBKraBB EHIBIB8SS BSHSBSffiS BSBBSHBi BBBaSSBI BBBBHIB 
4 3 0 4 4 0 4 5 0 4 6 0 4 7 0 4 8 0 
c:\BioEDiT MfcMjjM^ jjBAu^^ a ^ a A ^ ^ ^ ^ ^ 
c:\BioEDiT HHMHMiB HBBHBBB WBSHaHS BH8HMWH8 BHIwHMIB 
4 9 0 5 0 0 5 1 0 S 2 0 S 3 0 S 4 0 
c:\BioEDiT g g g s m tSBS^ g m g ™ m r a s ™ 
c:\BioEDiT M H M H B B B S H i W B HWBSHBM HBHBBWI M B B M H I 
S S O S60 S 7 0 S 8 0 S 9 0 6 0 0 
C:\BI0EDIT ^^TOQSy imy^yyggjj m^MUnn ^QBB^ra MHwraynnQ UW^UMffl 
C:\BIOEDIT QIQJJ^Q QyH^^Q ^ Q ^ Q Q 
6 1 0 € 2 0 € 3 0 6 4 0 6 5 0 6 6 0 
c:\BioEDiT MMMjMQg iM&MiMn rarag^^g 
c:\BioEDiT i^QgQ^s Q^^gj^j m ^ Q j Q i Q Q U Q Q Q Q Q E 3 B9S3BBE 
6 7 0 6 8 0 6 9 0 7 0 0 7 1 0 7 2 0 
C:\BIOEDIT i i i i ^ i i ^ Mjfefflli^ IHi^lj^^i^ ^ ^ ^ y 
c:\BioEDiT BH3IBBB HB8BBH8SB BHBH8HSB BWSHfflBB BHSBH8H88 HiffiMBWe 
n o n n A o n c n n c n n n n n o n 
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c:\BioEDiT g g g g s m wses^m h & j ^ A ^ 
c:\BioEDiT B i m M ! ffiBwBM l ™ ™ ^ Mimffli B B H M B i M M M 
7 9 0 8 0 0 8 1 0 8 2 0 8 3 0 8 4 0 
C:\BIOEDIT ^ S ^ ^ ^ M ^Hff l^^B |yhM|MbU||ug 
c:\BioEDiT H3BH5H88H ^ ^ ^ ^ ^ ^ ffiSBHBHIB 
8 S 0 6 6 0 8 7 0 8 8 0 8 9 0 9 0 0 
c:\BioEDiT jjrigri wssm^m ^fcfew^ Hk^fe^^ ^ ^ ^ 
c:\BioEDiT B a ^ M H B B M H a t i MBHBSHB M m B B B S iBSaBMi H M B B H 8 
9 1 0 9 2 0 9 3 0 9 4 0 9 S 0 9 6 0 
c:\BioEDiT y M M j ^ m B R ^ ^ B E i m A ^ ms^^m 
c:\BioEDiT HBHWBHBB ffiSHBBSB BUHiWBB BHSBB8B BBMBBBB HBBB8HI 
9 7 0 9 8 0 
C:\BIOEDIT g r i ™ g 
c:\BioEDiT a ^ T O B B M a a i i B 
Fig. 3.10 Alignment result of seabream growth hormone gene cDNA sequence 
and recombinant PIC9-sbGH sequence. 
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3.3 Linearization and electroporation of recombinant plasmids 
After sequencing of the recombinant plasmids, the plasmids have to be 
linearized so that crossover with the Pichia genome can occur after transfection. 
Linearization was done by using the Stu I restricition endonuclease. Stu I is a unique 
restriction site in the PIC 9 plasmid and the sequence of all of our G H genes do not 
contain this restriction site. The Stu I restriction site is located in the HIS 4 locus. 
Linearization at this site may lead to homologous recombination at the HIS 4 locus 
after transfection by electroporation. Fig 3.11 shows how the event of homologous 
recombination can occur at the HIS4 locus. 
Methanol ¥ B 
utilization slow I £ 
transformants V S 
(His+，Muts) ^ ^ ^ ^ 
• W m m ^ Plchfa Genome (hfe4) 
hfs4, ” • mutator! 
{！^  
HIS4 r ^ ^ 
办 i 
His* His" 
Fig. 3.11 Schematic diagram showing sub-cloning of the recombinant plasmid 
integrated into the Pichia genome. MutS recombinant strain is generated 




After Stu I digestion, the linearized plasmids were purified by gel 
electrophoresis (Fig 3.12). The parent vector without insert was also digested and 
transformed and used as a background control for expression. (Gel photo was not 
shown). 
1 2 3 4 5 6 
Fig. 3.12 Agarose gel electrophoresis of the Linearized recombinant plasmids. 
Lane 1-3: Linearized Stu I digested PIC9-rgcGH. 
Lane 4: Linearized Stu I digested PIC9-codon modified gcGH. 
Lane 5: Linearized Stu I digested PIC9-sbGH. 
Lane 6: 1 kb DNA ladder (MBI Fermentas) 
3.4 Optimization of electroporation condition for producing 
recombinant yeast cells. 
Various amounts of D N A had been tried to optimize electroporation 
efficiency for transformation of yeast cells. Our results showed that the amount of 
D N A used could significantly affect transformation efficiency. If the D N A 
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concentration is too low or too high, ranging from 3-Tug to more than 13ug, 
significantly less number of colonies could be obtained in M M plates without 
histidine. Tabele 3.2 shows the results. At 9/zg of DNA, the highest number of 
colonies could be generated. 
Table. 3.2 Summary of eletroporation result. 
ECM 600 (BTX) Charging voltage, kV Pulse length, ms Amount of DNA, ug Colonies formed 
1.5 2.5 — 3 0 — 
1.5 5 6 
1.5 ^ 7 9 
- 1.5 ~ 2.5 9 25 
1.5 25 n 10 
1.5 ^ U 7 
1.5 I 2.5 I 15 0 — 
3.5 Screening and selection of AOX characteristics (By MM plates) 
The KM71 strain of Pichia has a point mutation in its HIS4 locus (HIS4"), 
which prevents it from producing histidine dehydrogenease (Fig 3.11). It could not 
survive in media without histidine. This provides an effective mean in screening for 
successful transformants. Transformation of KM71 with Stu I linearized plasmid 
constructions favors recombination at the HIS4 locus which may generate back the 
His+ locus (Fig. 3.11). His+ transformants could be screened by minimal plates 
without histidine to ensure pure clonal isolates before confirming integration of the 
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target gene by PCR. All His+ transformants in KM71 strain will be MutS due to the 
disruption of the A O X 1 gene, therefore there is no need to test recombinants for the 
MutS phenotype. Pichia competent cells transformed with an optimum amount of 
D N A was spreaded on minimal plate without histidine after electroporation. Only 
transformants could grow after incubation at 30°C for 2 days. These colonies could 
be the potential recombinant strains carrying the G H gene. 
3.6 Screening and selection of AOX characteristics (By PCR) 
For confirmation of the G H gene in the selected clones, the gene specific 
primers which had been used for PCR amplification were used again for screening. 
The D N A of the yeast domes in M M plate (described in 3.5) was first extracted out as 
template for PCR screening, then by using the gene specific primers which could 
specifically bind to the integrated G H gene in the yeast clones, a 600bps D N A 
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N-gcGH 
M 6 7 8 9 10 11 1213 
•111 I M I I I I II — _bps 
Codon modified-
M 14 15 16 17 gcGH 
^ 600bps 
sbGH 
Fig. 3.13 PCR screening of positive clones using the gene specific primers for 
native grass carp growth hormone, codon modified grass carp growth hormone, 
seabream growth hormone. Pre-selected clones were chosen for PCR screen. 
Clones with the correct insert contains a 600bp band. 
M: Ikb DNA ladder (MBI Fermentas) 
Lane 1: gcGH clone 11-0，Lane 2: gcGH clone 11-1，lane 3: gcGH clone 11-2, lane 
4: gcGH clone 11-3，lane 5: gcGH clone 11-4. 
Lane 6: clone Epl, lane 7: done Ep2, lane 8: clone Ep3，lane 9: done £p4, lane 
10: clone Ep5, lane 11: clone Ep6, lane 12: clone Ep7, lane 13: done Ep8 
Lane 14: clone sb5, Lane 15: clone sb6, Lane 16: clone sb7, Lane 17: clone sb8 
An additional pair of primers, 5，AOX 1 and 3，AOX 1 primers which have 
been used for sequencing, could also be used for double checking the presence of an 
insert. The 5'AOXl primer could bind at the position of 492bps upstream of the M C S 
region. The P C R product amplified by this pair of primer should therefore have a size 
492 bp + insert size. For the case of GH, the size of the amplified product should be 
1092bps. All colonies that grew in M M plate were screened by these A O X primers as 
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well. This screening method ensures the success of integration. According to these 
criteria, several positive clones were obtained. These were cultured and stored in 70% 
glycerol at —80°C as stock. 
M l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Fig. 3.14 Agarose gel electrophoresis of PCR screening product using 5，and 3' 
AOX primers for 16 of the 22 colonies of the transfected codon modified grass 
carp growth hormone yeast strain. An expected size 1092 bps are shown in lane 1， 
9,11,13,14,15,16 in the gel photos. 
Fig. 3.14 is an example showing how the A O X PCR result was analyzed. The 
arrow shows the successful amplification of the 1092 bp D N A fragments. Colonies for 
the other two constructs are screened by the same PCR profile, and the results are 
summarized in the following tables: 
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Table 3.3: Summary of the screening result of native grass carp growth hormone 
gene recombinants. A: screened by MM plate, B: PCR screen using the gene 
specific primers, C: PCR screen using the 5，AOXl and 3'AOXl primers. The 
positive result is indicated by a shaded box. 
Clone A B C Clone A B C Clone A B C Clone A B C Clone A B C 
1 6 11 16 21 
2 7 12 17 22 
3 8 13 18 23 
4 9 14 19 24 
5 10 15 20 25 
Table 3.4: Summary of the screening result of 5，codon modified grass carp 
growth hormone gene recombinants. A: screened by MM plate, B: PCR screen 
using the gene specific primers，C: PCR screen using the 5，AOXl and 3，AOXl 
primers. The positive result is indicated by a shaded box. 
Clone A B C Clone A B C Clone A B C Clone A B C Clone A B C 
1 6 11 16 21 
2 7 12 17 22 
3 8 13 18 
4 9 14 19 
5 10 15 20 
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Table 3.5: Summary of the screening result of seabream growth hormone gene 
recombinants. A: screened by MM plate, B: PCR screen using the gene specific 
primers, C: PCR screen using the 5'AOXl and 3'AOXl primers. The positive 
result is indicated by a shaded box. 
clone A B C clone A B C clone A B C Clone A B C 
1 6 11 16 
2 7 12 17 
3 8 13 18 
4 9 14 19 
5 10 15 
To sum up the above result, Table 3.3 shows the eletroporation efficiency of 
the three recombinants. 
Table 3.6 Summary of electroporation experiment and results showing the 
electrophoration efficiency. 
Gene | 二 = | | 
No. of clones 
appeared after 25 22 19 
electroporation  
No. of positive 
clones after PCR s 8 4 
screen by gene 
specific primers  
No. of positive ~ 
clones after PCR 





3.7 Selection of high expression clones 
After screening, clones with the G H gene successfully integrated into the Pichia 
genome were selected. Nonetheless, we need to confirm if these clones will express 
the target protein and at what levels. Selection of high expression clone is necessary 
for scale up purpose. 
All clones showing positive result in PCR screen as indicated in Table 3.6 were 
used for protein expression studies. The growth curve of Pichia in shake flask culture 
was determined over a period of 5 days. Samples were taken every 24h for cell 
density reading at O D 600 (Fig. 3.15). The data obtained on each day was plotted and 




Growth curve of Pichia Pastoris in shake flask 
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Fig. 3.15 Growth curve of Pichia Pastoris in shake flask culture. 
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Single colony of the clones to be assayed was cultured to its log phase 
(OD600=11). The cell pellet was then collected after incubation at 30°C for 24 hours 
and resupended in minimal medium, together with 0.5% methanol for induction. The 
supernatant was collected 24 h afterwards. The samples were concentrated 10 fold by 
ultrafiltration with a 10k cut off membrane and then analyzed by SDS-PAGE. The 
intensity of staining was used as the criteria to select the high expression clones. 
Screening of expression in clones carrying the gcGH gene 
1 2 3 4 M 5 
b M ^ ^ ^ H H I H i i 113K 
••，K 
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Fig. 3.16 SDS-PAGE analysis of recombinant strain KM71-native grass carp 
growth hormone. M: Low range molecular marker (Bio-rad) Lane 1: 20/zl clone 
11-0 supernatant，Lane2: 20 fi 1 clone 11-1 supernatant, Lane 3: 20/zI done 11-2 
supernatant, Lane 4: 20;czl clone 11-3 supernatant, Lane 5: 20/zl clone 11-4 
supernatant. 
From the SDS-PAGE result, 5 out of 5 clones expressed the target protein. They 
were named as clone 11-0，clonell-1, clone 11-2, clone 11-3 and clone 11-4. Clone 
11-0 gave the highest expression yield based on the intensity of protein stained. In the 




Screening of expression in clones carrying the 5，codon modified gcGH gene 
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Fig. 3.17 SDS-PAGE analysis of recombinant strain KM71-codon modified grass 
carp growth hormone stained by coomassie blue. M: Low range molecular 
marker (Bio-rad) Lane 1: 2Qii \ clone Epl supernatant, Lane2: 20//I clone Ep2 
supernatant, Lane 3: 20 "1 done Ep3 supernatant, Lane 4: 20/zl clone Ep4 
supernatant, Lane 5: 20/zl clone Ep5 supernatant, Lane 6: 20/zl clone Ep6 
supernatant, Lane 7: 20//I done Ep7，Lane 8: 20//1 clone Ep8 supernatant. 
SDS-PAGE analysis showed that 5 out of 8 clones expressed the target proteins 
that could be stained by coomassie blue. These clones were named as Epl, Ep5, Ep6, 
Ep7 and Ep8. In the control transformant carrying the parent vector, no protein band 
was observed. Based on the intensity of the protein stained, the most productive 
clones were Ep6, Ep7 and Ep8. Since these three clones showed similar intensity of 
protein staining, one of the clones, Ep6 was selected for small scale expression. 
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Screening of expression in clones carrying the sbGH gene 
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Fig. 3.18 SDS-PAGE analysis of recombinant strain KM71-seabream growth 
hormone stained b)L.coomassie blue. M: Low range molecular marker (Bio-rad) 
Lane 1: 20 clone Sb8 supernatant, Lane2: 20/zl clone Sb7 supernatant, Lane 
3: 20//I clone Sb6 supernatant, Lane 4: 20/zl clone Sb5 supernatant. 
By analyzing the seabream growth hormone expression profile, 4 out of 4 clones 
expressed the target protein. They were named as Sb5, Sb6, Sb7 and Sb8. These 
protein bands were not observed from the control transformant carrying the parent 
vector (data not shown). Based on the intensity of staining, the most productive clone 
was Sb8. 
After the above exercise, the most productive clones were selected from each of 
the 3 constructs. They are clone 11-0, Ep6 and sb8. In order to optimize expression, 
these clones were further used for time course expression studies. 
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3.8 Time course expression studies 
Anti-gcGH monoclonal antibodies 22G5 
Monoclonal antibodies 22G5 was produced and characterized previously in 
our lab (Leung, 1983). It can bind specifically to the goldfish and grass carp growth 
hormone in western blot assay (Fig. 3.19). 
M 1 2 M 1 2 
52.9K “ 一 \ 
35.4K - 一 \ 
29K _ 〜 一 \ 
21.5K _ 〜 • _ 
Z 
\ 
(Protein gel) (Western blot) 
Fig. 3.19 SDS-PAGE and western blot of recombinant gcGH and goldfish GH 
using monoclonal antibody 22G5. M: low range molecular marker (bio-rad), 
Lane 1: 1 fig purified recombinant goldfish growth hormone, Lane 2: 6/zg 
purified recombinant grass carp growth hormone. 
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Monoclonal antibody 22G5 appeared to interact specifically with fish G H as it 
could not react with extracts derived from the His+ Mut^ strain carrying the parent 
vector nor the same strain carrying the albumin gene. As indicated in Fig. 3.20，only 
extracts from clone 11-0 was able to be stained by this monoclonal antibody and no 
staining was observed from the two negative controls. 
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Fig. 3.20 Immunoblot with monoclonal antibody 22G5 to confirm specificity of 
fish GH. M: low range molecular marker (Bio-rad), Lane 1: 20 /zl His+ Mut® 
strain carrying the parent vector, Lane 2: 20 ji I His+ Mut® strain carrying 
albumin gene integrated, Lane 3: 26 " 1 clone 11-0 day 1 supernatant. 
Studies on the expression level of the three selected clones carrying the GH gene 
A time course experiment was performed to evaluate the relationship of 
expression with induction time in the three selected clones. 
Single colony of each of the clones (11-0, Ep6 and sb8) was cultured to its 
log phase (OD600=11) in B M G Y medium. The cell pellet was collected at this time 
point and resupended in minimal medium, together with 0.5% methanol for induction. 
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The supernatant containing the recombinant growth hormone was collected every 24 h. 
At each 24 h interval, 0.5% methanol was added to sustain the induction. The 
experiment was carried out for 4 days and samples were collected and assayed for 
expression. 
The SDS-PAGE patterns of the three clones and their corresponding western 
blot are shown in Fig.3.21-3.23. Samples from the cultures were collected and 
concentrated 10 fold by ultrafiltration using a 10 k cut off membrane. The same 
volume of the samples was loaded for SDS-PAGE and western blot analysis. 
Expression levels at different time points were compared based on the intensity of 
staining in immunoblot and SDS-PAGE. Monoclonal antibody 22G5 was used in the 
western blot analysis. Expression of each clone was repeated three times to confirm 
the consistence of the result. 
84 
Results 
Expression of GH by done 11-0 (native GH cDNA) 
M 1 2 3 4 M 4 3 2 1 
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32kDa 
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21.5K ~ ^ K w W m 
(Protein gel) (Western blot) 
Fig. 3.21 SDS-PAGE analysis and immunoblot of clone 11-0 at different time 
points. M: Low range molecular marker (Bio-rad) Lane 1: 20 (i 1 Day 1 
supernatant, Lane2: 20 fi 1 Day 2 supernatant, Lane 3: 20 //1 Day 3 supernatant, 
Lane 4: 20 " 1 Day 4 supernatant. 
Since grass carp growth hormone has an expected size of 22kDa, a discrete band 
at 22kDa should be observable in SDS-PAGE and western blot results if the gene had 
been properly expressed. Because Pichia secretes few native proteins, few 
contaminating proteins should be presented in the cell culture medium. However, 
contrary to our expectation, no protein band was detected on SDS-PAGE and western 
blot in day 1 and day 2 after induction. Heavy staining in the region between 22kDa 
and 32kDa were observed in immunoblotting at day 3 and day 4, but only the 32kDa 
band was lightly presented on the SDS-PAGE gel. The intensity of the 32kDa protein 
band was significantly more than the 22kDa band in western blot. The reason for the 
absence of the 22kDa protein band in the day 3 and day 4 samples in SDS-PAGE may 
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due to its low concentration which could be picked up by the more sensitive 
immunoblot but not by the commassie blue staining. Similar results were obtained 
after repeating the expression experiment several times. 
In studying the time course of expression, the day 3 sample consistently had the 
highest intensity in the immunoblot. Therefore, day 3 was chosen as the time to 
harvest the cells. 
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Expression of GH by clone Ep7 codon modified gcGH cDNA) 
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(Protein gel) (Western blot) 
Fig. 3.22 SDS-PAGE analysis and immunoblot result of recombinant strain clone 
Ep7 at different time point. M; Low range molecular marker (Invitrogen) Lane 1: 
20 fi 1 day 1 supernatant, Lane 2: fi \ day 2 supernatant, Lane 3: 20 " 1 day 3 
supernatant, Lane 4: 20/zl day 4 supernatant. 
The expected size of the grass carp growth hormone in this construct is also 
22kDa. Theoretically, there should be a discrete band at 22kDa shown on SDS-PAGE 
gel. Similar to results of clone 11-0, a 32kDa protein band was observed in both 
SDS-PAGE and western blot in day 1 and day 2 sample. The intensity of staining in 
day 2 sample is the heaviest compared with those collected from other days. There 
was no staining in SDS-PAGE and western blot in both day 3 and day 4 samples. The 
absence of protein at these later time may be due to degradation by protease or 
instability of the secreted protein. Similar results were obtained when the experiment 
was repeated several times. 
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Expression of GH by clone Sb8 (seabream growth hormone cDNA�  
M 1 2 3 4 4 3 2 1 M 
113K - �t 
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Fig. 3.23 SDS-PAGE analysis and immunoblot result of clone Sb8 at different 
time point. M: Low range molecular marker (Bio-rad), Lane 1: 20/zl day 1 
supernatant，Lane 2: 20/zl day 2 supernatant, Lane 3: 20 " 1 day 3 supernatant, 
Lane 4: 20//I day 4 supernatant. 
The expected size of native seabream growth hormone is 22kDa. However, in 
expression experiment from day 1 to day 4，a 32kDa protein band was detected from 
all of the samples by SDS-PAGE and western blot. Band obtained from day 2 showed 
the heaviest intensity of staining result. The decrease in staining intensity in day 3 and 




3.9 Batch fermentation 
In the shake flask experiments, the 22kDa protein was not consistently observed 
from SDS-PAGE or western blot. However, the larger size 32kDa protein was 
observed consistently. We believed that the 22kDa protein might have been expressed 
inefficiently in shake flask condition which makes its detection difficult. Therefore, 
we tried to perform the experiment in a fermenter to see if there was any difference in 
expression pattern when the cell density reached its higher levels. Clone 11-0 was 
chosen for scale up because the 22kDa protein was detected in western blot in the 
shake flask experiments. 
In an orientation study, we first evaluated the growing characteristics of Pichia in 
a fermenter. Cells were grown in B M G Y medium under the following condition (30°C, 
pH=6.0, SOOrpm, dissolved oxygen set at 20% level). Cell density was measured at 




Growth curve of Pichia Pastoris in fermentor 
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Fig 3.24 Growth curve of Pichia Pastoris in fermentor. 
When the cell density reached the end of the log phase (OD600=29), 
induction of G H expression was performed. Cells in the fermenter were collected and 
resuspended in 1 liter B M M . The culture was then transferred back to the fermenter 
and induction was initiated by feeding the culture with a 0.5% methanol. Supematants 
from cells suspensions were collected every 24 h for 3 days and expression was 





M 1 2 3 M 1 2 3 




w f W + 32kDa 
i / 
(Protein gel) (Western blot) 
Fig. 3.25 SDS-PAGE analysis and immunoblot result of clone 11-0 after 
fermentation. M: Low range molecular marker (Bio-rad) Lane 1: 20/zl day 1 
supernatant, Lane 2: 20//I day 2 supernatant, Lane 3: 20/zl day 3 supernatant. 
In the day 1 sample, a smear of protein bands could be observed in the 
SDS-PAGE gel but a discrete 22kDa band was observed from the immunoblot result. 
In day 2 and day 3，both the 32kDa and 22kDa bands appeared in SDS-PAGE gel and 
western blot. In shake flask experiment, the 22kDa protein was not observed 
consistently in SDS-PAGE gel but was observed after fermentation. Unlike shake 
flask expression, concentrating the supernatant by ultrafiltration was not needed for 
positive staining in western blot which indicates that fermentation could increase the 
amount of 22kDa protein. This result will be discussed in Chapter 4. 
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3.10 Purification of r-gcGH 
In our fermentation experiment, the amount of r-gcGH expressed was 
significantly higher and therefore we concentrated our effort on purification. A 
better purification scheme for a protein can be developed only when both its 
physical and chemical properties were well known. The recombinant grass carp 
growth hormone contains 200 amino acid residues and has a estimated M W of 
approximately 22kDa. Its theoretical isoelectric point, as predicted by calculation 
(PROSIS TM, Hitachi, Japan), is 5.93. This means that the protein is slightly 
acidic and should bear a negative charge at pH > 5.93. 
Day 3 supernatant collected from clone 11-0 fermentation was used as the 
starting materials for purification experiment. The supernatant was concentrated to 
f 0.1 mg protein/ml for column chromatography. 
Various chromatographic media had been tried in our study and the purified 
recombinant G H was evaluated afterwards. These media included reverse phase 
chromatography, gel filtration and anion exchange chromatography. 
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Reverse Phase Chromatography 
Purification of teleost growth hormone by reverse phase chromatography 
with an acetonitrile gradient has been widely used (Chang et al., 1992; Kawauchi 
et al., 1986; Noso et al., 1988; Sakata et al., 1993; Dores et al., 1993; Pan & 
Chang, 1993). Sep-Pak column, purchased from Waters was used for reverse 
phase chromatography as it is a simple and fast method. A linear step gradient 
(0%, 10%, 20%, 30%,50% and 70%) of increasing percentage of acetonitrile 
(AcN) in 0.1% (v/v) trifluoroacetic acid (TFA) (Pan & Chang，1993) was used 
during the eluting step. The purpose of incorporating acids, like TFA, in the 
eluting mobile phase is to increase both recovery and resolution of proteins. 
Protein was only detected in the 50% AcN fraction and the sample was dialyzed 
against water and concentrated to 20 //I for western blot analysis.(Fig.3.26) 
93 
Results 
1 2 M 
；• 一 113K 
. . — 92K 
- 玄 一 52.9K 
亀 I Z i f 
一 21.5K 
Fig. 3.26 Western blot result of clone 11-0 gcGH and clone 11-0 gcGH after 
Sep-Pak column purification. Lane 1: clone 11-0 Day 3 supernatant, Lane 2: 
clone 11 Day 3 supernatant eluted at 50 % AcN in Sep-Pak column 
purification, M: Low range molecular marker (Bio-rad). 
By analyzing the western blot result, it seems that the Sep-Pak column was 
unable to purify the protein. A similar pattern of bands compared with the 
starting material was eluted in the 50% AcN fraction. Since all of these bands 
reacted with monoclonal antibody, they were likely to be aggregates of the GH. 
Gel Filtration 
It has long been a common practice for scientists to purify teleost growth 
hormone from pituitary extract by gel filtration using either Sephadex G-75 
(Sakata et al., 1992; Wagner et al, 1985) or Sephadex G-lOO (Rand-Weaver at.al. 
1988; Noso et al., 1988; Kawauchi et al., 1985). 0.5 ml of r-gcGH (O.lmg/ml) 
which was expressed by clone 11-0 in fermentation was loaded on to a Sephadex 
G-lOO column that has been equilibrated with a buffer containing 0.15 M NaCl in 
IX PBS, pH7.0. Continuous monitor of the eluted fractions by absorption at 
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280nm helped the detection of the eluted protein. The flow rate was kept at 
0.2-0.4ml/min and the pressure was kept below 2MPa until 100ml buffer passed 
though the column. The chromatograph result is shown in Figure 3.27. There were 
a total of 3 peaks in the chromatograph. As revealed by western blot (Fig.3.27), 
immunoreactive growth hormone was eluted at 25 and 42 min corresponding to 
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Fig. 3.27 Sephadex G-lOO gel filtration chromatography of fermentation in 
supernatant from clone 11-0. 
Peak 1: 25 mins eluted fraction, Peak 2: 42 mins eluted fractions, Peak 3: 57 
mins eluted fraction. In western blot result，lane 1-3 represents peak 1-3 
respectively. 
Anion Exchange Chromatography (O-sephorose column) 
Q-Sephrose Fast Flow (AKTA prime system, Amersham Pharmacia) was 
found to be satisfactory in purifying recombinant gcGH expressed in insects cells. 
W e therefore evaluate its efficiency in purifying our r-gcGH expressed by Pichia. 
0.5ml (0.1 mg protein/ml) concentrated clone 11-0 fermentation medium was first 
equilibrated with the starting buffer (50mmol Tris-Cl, pH 9.0) by dialysis. Then it 
was loaded onto the column. Unbound proteins were eluted with the starting 
buffer, followed by stepwise increase of NaCl concentration to elute the target 
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materials. The eluted fractions were collected and examined by western blot 
(Fig.3.28). 
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Fig. 3.28 Western blot of fractions collected at different concentration of NaCl. 
As indicated in Fig.3.28, a smear of bands was observed from 0 to 0.4M NaCl 
and no further elution of immunoreactive material was seen at higher concentration of 
NaCl. In view of these results, anion exchange chromatography does not appear to be 




Computer prediction of r-gcGH glvcosvlation 
In all of the samples that we have assayed by western blot so far, a smear of 
positive staining bands was always present. A 32KDa and 22KDa band were 
consistently seen in these western blot result. The monoclonal antibody we have used 
is highly specific for G H therefore the smear staining result was unlikely due to 
non-specific binding. Since our recombinant protein was expressed in a yeast system, 
there is a chance that it might be hyperglycosylated. Hyperglycosylated isoforms of 
other proteins such as equine herpersvirus 1 glycoprotein D (Ruitenberg et al, 2001), 
Aspergillus niger Phytase (Han et al., 1998) and alkaline phosphatase (Zappa et al, 
2003) have been noticed in Pichia expression. Thus, it is not surprising that our 
recombinant G H might also be heavily glcosylated. Smear staining resulted from 
western blot analysis may be due to glycosylation which could make the protein 
heterogenous and larger than expected. 
0-linked glycosylation usually occurs at threonine and serine and N-linked 
glycosylation usually occurs at asparagine residues in the nascent protein chain 
containing the consensus sequence Asn-X-Thr (or Ser). Using a computer software, 
we attempted to deduce the potential glycosylation sites in the gcGH. (NetOGlyc 2.0 
& NetNGlyc 1.0, Technical University of Denmark). 9 threonine-O-linked 
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glycosylation sites, 6 serine-O-linked glycosylation sites and 15 serine-N-linked 
glycosylation sites were found. Based on all these results, it is likely that during 
expression in Pichia our protein might become heavily glycosylated. 
Characterization of deglvcosvlated gcGH bv anion exchange chromatography 
Deglycosylation was done using an enzymatic deglycosylation kit purchased 
from Glyko. Sugar or polysacharides attached to 0-linked or N-linked glycosylation 
sites could be removed by this method. 0.5ml (Img/ml) of the same batch of r-gcGH 
which had been used in the previous Q-Sephrose column experiment was incubated 
with the deglycosylation enzyme for 3 hours. The sample was then separated by anion 
exchange chromatography. The eluted fractions were analyzed by western blot using 
monoclonal antibody 22G5. As indicated in Fig 3.29, the growth hormone was eluted 
at 0.2M NaCl. In contrast to previous results, most of the large aggregates were 
removed after deglcosylation. Two major bands, one at 32kDa and the other at 22kDa 
were clearly observable. The proportion of 32kDa and 22kDa protein is 90% and 10% 
respectively. The size of the latter band is close to the predicted 22kDa size of native 
grass carp growth hormone. The reason for the existence of larger immunoreactive 
protein will be further discussed in chapter 4. 
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Fig. 3.29 Western blot of deglycosylated r-gcGH samples after anion exchange 
chromatography. 
3.11 Characterization of r-gcGH 
3.11.1 Immunological property of r-gcGH 
Bacterial expressed r-gcGH has been shown similar immunological 
property of native gcGH in radioimmunoassay (RIA) in our lab previously (Tsang, 
1989). The bacterial expressed r-gcGH developed in our laboratory was used as an 
antigen to produce antisera in rabbits. The sera were used for radioimmunoassay 
(RIA). The working dilution of the sera was 3000 to 5000 fold for antigen binding 
assay. Different concentrations of clone 11-0 supernatant was used to compete 
against iodinated r-gcGH. From the result of the RIA (Fig.3.30)，the Pichia 
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expressed r-gcGH could displace the 1-125 labeled bacterial expressed standard in 
a concentration dependent manner. This indicates that the Pichia expressed 
r-gcGH and the bacterial expressed r-gcGH are crossreactive with each other. 
Standard curve of standard growth hormone and the displacement 
behaviour of clone 11-0 medium  
standard GH 
clone 11-0 medium _ _ ^  
0 ‘ ‘ ‘ 
-C.5 0 0.5 1 1.5 2 2.5 
M_-0.5 Y  
Log GH concentration/ (lOng/ml) 
Fig. 3.30 Standard curve of standard growth hormone and the displacement 
behaviour of done 11-0. 
3.11.2 Biological activity of r-gcGH 
Native G H is secreted from the anterior pituitary gland and circulates in the 
blood stream. It targets at many organs and can triggers a series of metabolic 
responses. One of the main organs which is related to somatic growth of fish is the 
liver. G H receptor is found on the surface of liver cells. G H brings about receptor 
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dimerization by binding to the extracellular domain of one receptor molecule and then 
to another. The signal of G H binding is probably transmitted via the membrane 
domain to bring about conformational changes in the intracellular domain. Such 
conformational change may trigger a series of intracellular metabolic event like 
stimulating insulin-growth factor I (IGF-I) release from the liver which can then 
mediate the somatogenic actions in the target tissues. Tissue growth is the final 
response. 
Therefore, if r-gcGH could bind to G H receptor, the recombinant G H is likely 
to be biological active and at least be able to trigger some biochemical response. An in 
vitro assay system (Dural-Luciferase Reporter Assay System) for G H receptor binding 
and the subsequent transactivation of a target gene has been developed and we have 
used it to evaluate the biological activity of our Pichia expressed materials. 
C H O cell system was used for the assay. C H O cells transfected with the 
seabream growth hormone receptor cDNA can be stimulated to proliferate by fish GH. 
The transfected cells can transactivate a co-expressed mammalian serine protease 
inhibitor (Spi) 2.1 promoter upon stimulation by fish GH. The successful interaction 
of the fish receptor and fish G H with the mammalian ligand can evoke the 
down-stream post-receptor events which may trigger the expression of a luciferease 
reporter gene. Light will be emitted and detected by a luminometer after the 
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incubation of substrates. The potency of r-gcGH in triggering transactivating activity 
was measured by the intensity. 
Biological activity of materials expressed bv clone 11-0 
Partly purified clone 11-0 r-gcGH (Fig. 3.29)，containing the 32kDa and 22kDa 
bands, were used in testing its receptor binding transactivating activity. 
The result (Fig.3.31) showed that a mixture of lOOng of r-gcGH has a gene 
activating activity equivalent to 300ng of human growth hormone. This activity of 
r 
clone 11-0 extract appeared to have an optimal dose at 250 to 500 ng. Dose lower or 
higher than this range was only able to trigger a lesser response. This negative 
feedback mechanism in human G H action is well known (Harvey et al., 1995). 
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Dural Luciferase assay (clone 11-0) 
200 
- p 
I 150 ——±  
1 100 r ^ ^ ——丄 
GO -L 
a> 
•I ———————— 一 
K Q I I I 1 1  
0 0.1 0.25 0.5 1 HGH 
Growth hormone conc./( [i g/ml) 
Fig.3.31 Tranactivation of the Spi 2.1 promoter. CHO cell stably expressing the 
sbGHR was transiently transfected with the Spi-2.1 promoter-luciferase reporter 
construct. Six hours following transfection, the cells were stimulated with 
different concentration of r-gcGH expressed by clone 11-0 for 24 hours, using 
human growth hormone (0.3 fi g/ml) as standard. The cells were then lysated and 
assayed for luciferase activity using the Dual Luciferase Assay Kit (Promega). A 
co-transfected control vector was used for nomalization of transfection efficiency 
in every case. Vertical bars indicate S.E. of three independent experiments. 
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Comparison of biolo2ical activity in glycosylated and deglvcosvlatd GH 
Although there is no data on the effect of glycosylation on G H biological activity, 
for the case of prolactin, glycosylation is known to reduce potency and radioreceptor 
activity significantly (Harvey el al., 1995). Since our r-gcGH is hyperglycosylatd, it is 
essential to understand how this might affect its biological activity. 
Two sets of samples were used in this study - a partly purified glycosylated 
r-gcGH (Fig.3.28) and its corresponding deglycosylated form (Fig.3.29). The samples 
were incubated with the same batch of co-transfected C H O cell in order to minimize 
any error occurred due to transfection efficiency. 
The results from Fig.3.32 and 3.33 suggest that the glycosylated G H is slightly 
more potent in triggering transactivating reporter gene activity. Since both samples 
could trigger similar actions, both glycosylated and deglycosylated G H could 
probably bind to the G H receptor on the cell surface. 
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Luciferase assay for glycosylated gcGH 
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Fig.3.32 TVanactivation of the Spi 2.1 promoter by glycosylated gcGH. CHO cell 
stably expressing the sbGHR was transiently transfected with the Spi-2.1 
promoter-Iuciferase reporter construct. Six hours following transfection, the cells 
were stimulated with different concentration of gcGH for 24 hours, using human 
growth hormone (0.3//g/ml) as standard. The cells were then lyzed and assayed 
for luciferase activity using the Dual Luciferase Assay Kit (Promega). A 
co-transfected control vector was used for normalization of transfection 




Luciferase assay for deglycosylated gcGH 
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Fig.3.33 IVanactivation of the Spi 2.1 promoter with deglycosylated gcGH. CHO 
cell stably expressing the sbGHR was transiently transfected with the Spi-2.1 
promoter-luciferase reporter construct. Six hours following transfection, the cells 
were stimulated with different concentration of deglycosylated gcGH for 24 
hours, using human growth hormone (0.3 [i g/ml) as standard. The cells were then 
lyzed and assayed for luciferase activity using the Dual Luciferase Assay Kit 
(Promega). A co-transfected control vector was used for normalization of 






4.1 Evaluation of expression profile 
4.1.1 Expression yield 
In this study, three recombinant fish growth hormone constructs have been 
evaluated for expression. The genes used were the grass carp growth hormone 
sequence, 5' codon modified grass carp growth hormone sequence and the 
seabream growth hormone sequence. The expression yield from each of the clone 
is summarized in Table 4.1 and 4.2. 
Shake flask expression yield: 
Table 4.1 Expression level of clone 11-0, Ep6 and sb8 in shake flask culture. 
Clone 11-0 Clone Ep 6 Clone Sb8 
(Mixture of native (Mixture of 5， (Mixture of 
grass carp GH codon modified seabream GH 
isoforms) grass carp GH isoforms) 
isoforms) 




Fermentation expression yield: 
Table 4.2 Expression level of clone 11-0 in fermentation culture. 
Clone 11-0 
(Native grass carp GH) 
Secretory expression lOOmg/L 
yield ( a mixture of grass carp GH isoforms) 
After partial 50mg/L 
purification ( a mixture of 32KDa and 22KDa GH) 
Pichia secretes few native proteins, therefore most of the proteins secreted in the 
medium could be counted as the gene specific expression products. By assaying the 
protein content of the induced supernatant, the expression level of all three clones in 
shake flask culture could best regarded as low, i.e. mg/L quantity. The expressed 
protein in these cultures could not be clearly resolved in SDS-PAGE. No discrete 
bands were observed. The result of SDS-PAGE indicates that the recombinant G H 
was expressed at low level making Coomassie blue staining difficult. Fermentation 
only insignificantly increased the expression level of r-gcGH (Table 4.2). There was 
only a 40mg/L increase in the amount of protein expressed. The yield (Table 4.2) was 
further reduced to one half after purification. 
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According to the literature, several proteins have been expressed at g/1 
levels (Cregg et al., 2000; Cereghino et al., 2000). However, many heterologous 
proteins are expressed at levels of a few tens of mg/1 (Lange S et al., 2001; Zani 
M L et al., 2001). Secretory expression usually has a lower expression level than 
intracellular expression; mainly due to different secretory efficiency and different 
strains of yeast used. The reason for low expression yield in my constructs may be 
due to the choice of secretory expression. However, this approach may have the 
advantage in a simpler downstream purification process. 
The maximum yield of intracellular expression is reported to be lOg/L 
(Sreekrishna et al., 1989) and the recombinant protein is usually in soluble form 
and does not need the aid of signal peptide, but it is not a better way for 
commercial usage. Even though intracellular expression may have a higher yield, 
the lost of protein during stepwise purification process may balance out this 
advantage. Although some may suggest grinding the intact recombinant yeast cells 
into powder and mixing them as dietary supplement which could safeguard 
complex purification process, the direct application of recombinant living 
organisms may raise arguments from green organization. 
Another way to increase expression yield is by screening for clones carrying 
multiple copies of the gene. For example, secreted MutS with multiple copies of 
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the gene integrated could reach an expression level as high as 0.45g/L (Clare et al., 
1991). The failure in screening for multiple copies of the G H gene in our 
recombinants could be another cause for low expression yield in our study. 
The degradation of secretory protein may further decrease the final yield. 
Such degradation may be due to proteolysis in the medium and inefficient 
secretion of the foreign protein. As a matter of fact, secretion of heterologous gene 
products may post certain difficulties which are not encountered in intracellular 
expression. 
4.1.2 Efficiency in the cleavage of signal peptide 
After transcription of D N A into m-RNA, protein synthesis starts at the 
cytoplasmic space and the protein could be compartmentalized in two pathways. 
In one of them, the newly synthesized protein will be channeled to the 
mitochondrion, the peroxisome, the chloroplast or the nucleus. Since these 
proteins are not secreted, they will not be discussed ftirther. In the other pathway, 
the newly synthesized protein will be channeled to the endoplasmic reticulum (ER) 
and either remains there or is transported to the cis-golgi and trans-golgi stack. 
Trans golgi stack is the main sorting station for protein targeting. After entering 
into the trans-Golgi stack, newly synthesized proteins are bound into vesicles 
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which carry many clathrin-coated regions on their surface. These clathrin-coated 
regions aid the packaging of protein into secretory granule. Many 
post-translational activities occur during this transportation and they are 
recognized by different specific receptors on the trans-golgi surface. After fusing 
of the secretory granule to the plasma membrane, the receptor is recycled back to 
the trans-golgi. Then the vesicles will go through endocyctosis afterwards and the 
protein will be secreted out (M.Austen, 1991). 
Secretory expression of a foreign protein using Pichia Pastoris is 
attractive. But like any other expression system, inefficient secretion may occur. 
Inefficient cleavage of the a -factor signal peptide has been reported in the 
literature (Cregg, 1995). The processing of the a -factor mating signal sequence in 
pPIC9 occurs in two steps. The preliminary cleavage of the signal sequence by the 
KEX2 gene product occurs between an arginine and a glutamine residue in the 
sequence, Glu-Lys-Arg * Glu-Ala-Glu-Ala, where * is the cleavage site. 
Subsequently, the STE13 gene product may further cleave the Glu-Ala repeats. It 
has been shown that the amino terminus of some proteins, like aprotinin, may 
have a conformation which is inaccessible to KEX2 and STE13. This can cause 
the failure in cleaving the signal peptide (Cregg, 1995). 
In the present study, after deglycosylation of the GH, an extra band 
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with a M.W. of 32kDa was found to associate with our secretory product although 
a band corresponding to the right size of the hormone, 22kD, was present. Since 
both bands could be positively stained by monoclonal antibody specific for gcGH, 
it is likely that they both are GH. Because the signal peptide used in the pPIC9 
vector has an estimated M.W. of 10 kDa and if this peptide failed to cleave during 
processing, the expected protein size would become 32kDa instead of 22KDa. 
Thus, the extra 32kDa band observed in our study could be accounted by the 
inefficient cleavage of the signal peptide. The proportion of 32kDa and 22kDa 
protein bands after fermentation experiment was 90% and 10% respectively. The 
reason for the existence of this protein in the medium is still unknown. It may be 
due to cell lysis in the bioreactor, thus releasing this uncleaved product, or it may 
be due to unknown reasons for it being secreted out. Further investigations are 
needed to clarify the issue. 
If secretory expression efficiency is low, we may try to use yeast a-mating 
factor prepro signal peptide instead of the a -factor prepro signal peptide. Yeast 
a-mating factor prepro signal peptide is a peptide containing 12 residues generated 
from a relatively short precursor that lacks a signal sequence and potential 
glycosylation sites. The secretion is associated with the product of the STE6 gene. 
It can secrete protein directly from the cytoplasm without involving ER. As 
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believed, cleavage of such pre-sequences occurs during translocation through the 
cytoplasm and it is more efficient because the process does not involve 
glycosylation. 
4.2 Evaluation of the biological activity of r-gcGH 
After the biological activity assay, it was found that receptor binding 
activity increases with G H concentration but site saturation was also observed. This 
observation is predictable, as in mammals, G H exerts a negative feedback on its 
own secretion (Scacchi et al, 1997). Our finding suggests that a feedback 
mechanism of a similar nature might also exist in fish. W e have been unable to 
purify a single band protein in this study. A mixture of hyperglycosylated r-gcGH 
isoforms was responsible for the biological activity seen in our assay. 90% of these 
isoforms were in fusion protein form with a total size of 32kDa’ the r-gcGH failed 
to be cleaved and fused with the yeast a-signal peptide. Compared with human GH, 
lOOng of this mixture is determined to be roughly equivalent to 300ng of the 
purified human growth hormone. However, the effect of the a-signal peptide on 
tranactivating reporter gene activity is unknown, it is necessary to cleave the signal 
peptide to ensure that the biological activity is solely due to the effect of the r-gcGH. 
Based on conventional G H receptor studies (Harver et al., 1994)，active site of 
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GH-GHR is not located in the N-terminal, so it is believed that the effect of the 
a-signal peptide on tranactivating reporter gene activity is not significant. 
It has been suggested that glycosylation of G H does not affect its biological 
function (Harver et at, 1994), but for some protein such as prolactin, it does. 
Isolated glycosylated prolactin shows only 24% of the potency of the 
deglycosylated form. It also has lower radioreceptor binding activity (Harver et al., 
1994). Glycoyslation of human growth hormone can reduce its metabolic clearance 
rate (MCR) (Harver et al., 1994). Therefore, it is believed that glycosylation may 
protect the G H from proteolytic cleavage but not directly related to G H receptor 
binding (Harver et al., 1994). We found that both glycosylated and deglycosylated 
G H could activate receptor mediated signal transduction process. We have 
compared the glycoyslated and deglycoyslated recombinant grass carp growth 
hormone in our bioassay and found that the glycosylated G H is slightly more potent 
in triggering trans activating reporter gene activity. Even though this difference is 
not very significant, the role of glycosylation may not be directly related to receptor 
binding but rather in protecting the hormone from degradation. 
115 
Discussion 
4.3 Evaluation of the post-translational modification of 
r-gcGH 
In eukaryotic organism, post-translational modification such as disulphide 
bond formation and glycoyslation is quite common. Glycosylation occurs at the ER 
and finishes at the golgi. It is mainly for protein targeting to specific organelle or 
extracellular spaces. Oligosaccharide moieties containing mannose, 
N-acetylglucosamine, and glucose are transferred from dolichol precursors onto the 
N-glycosidic linkage in the asparagines of the nascent protein chain containing the 
consensus sequence Asn-X-Thr (or Ser) as the protein emerges into the ER lumen. 
The carbohydrate moieties are processed further by trimming or addition of further 
monosaccharide residues either in the ER, or as the glycoproteins pass through 
successive stacks of the Golgi. 
In most of our SDS-PAGE result, a cluster of bands was observed between 
the 52.9 and 21.5kDa molecular size. As the grass carp and seabream growth 
hormone have a monomer molecular size of 22kDa and serine-associated 
glycosylation sites do occur on these sequences, the above-mentioned cluster of 
bands may be due to multiple glycosylated isoforms of the recombinant hormone. 
Proteins such as equine herpersvirus 1 glycoprotein D (Ruitenberg et al., 2001), 
Aspergillus niger Phytase (Han et al.，1998) and alkaline phosphatase (Zappa et al, 
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2003) expressed in Pichia have been shown to have hyperglycosylated isoforms. 
The multiple glycosylated forms of gcGH in Pichia probably explain our inability to 
observe a discrete band in our SDS-PAGE results. 
4.4 Further studies 
In this study, the recombinant grass carp and seabream growth hormone 
have been partially demonstrated to be expressed in Pichia Pastoris. 
Unfortunately, the expression level was low and the protein could not be clearly 
characterized in SDS-PAGE. Although we could not purify the G H to 
homogeneity, the mixture of secreted materials has been shown to have 
crossreactivity against a gcGH specific monoclonal antibody and biological 
activity in a receptor mediated reporter gene assay. Further characterization work 
needs to be done and this includes amino acid composition and partial N-terminal 
sequencing of the purified product. 
In the fermentation study, further optimization can be performed to 
increase production yield. On-line methanol analysis and control using a 
commercially available alcohol sensor may make the fermentation results more 
reproducible (Hellwig et al., 2000). The use of fed-batch fermentation may also 
enhance the growth of Pichia in the glycerol batch phase. Manipulation of 
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condition to yield high cell density appears to be an essential requirement for high 
secretory expression (Cregg et al., 1995). 
Since the G H is hyperglycosylated in the present study, intracellular 
expression may overcome this problem as the secretion pathway will be 
bypassed (Invitrogen, 2000). 
The biological activity of the glycosylated and deglycosylated grass 
carp growth hormone has been evaluated by a receptor mediated reporter gene 
assay in the present study. This in vitro assay has proven that these recombinant 
growth hormone preparations could trigger receptor-mediated gene activity. 
Nonetheless, in vivo physiological condition is different from the in vitro 
condition Thus, the recombinant G H secreted by our constructs needs to be 
evaluated for their growth promoting activities in whole organisms. These 
include repeated injection of the hormone and simultaneously measuring length, 
weight gain of the fish over a period of 3-12 weeks. Furthermore, the possibility 
in administering the recombinant growth hormone by immersion or via an oral 
route as food supplement should also be investigated in addition to 
intraperitioneal injection. The choice of administration method is very important 




If our recombinant growth hormone is proven to be effective in field studies, 
the next aspect of our study will be scaling up production and formulation of a 
stable recombinant fish growth hormone for commercial applications. In this 
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